








Popular Astronomy. 


Vol. VII. No. 6. JUNE, 1899. Whole No. 66. 
THE SPHERES OF ACTIVITY OF THE PLANETS. 


’ 


For POPULAR ASTRONOMY 


A short article by Professor Asaph Hall in the April number of 
POPULAR ASTRONOMY, under the above heading, suggesis this 


paper. The ‘sphere of activity’ which we shall consider, is one 
surrounding a planet outside of which a satellite cannot per 
manently revolve without passing away to the Sun. In seeking 
for new satellites there will be no use of looking for them at 


greater distances from tl 


e planets than the limits given here 
and very probably they will be found, if at all, considerabl 


within these limits. The definition of the ‘‘sphere of activity 
in Professor Hall’s paper, is not such that conclusions of this 
sort can be reached with certainty 

I am sure Professor Hall will excuse me for making a few ex 
planatory remarks on his article, which treats a subject of mucl 
interest. A careless reader, who neglects to observe thi 
ing of the formulas, might infer from one of his sentences that 
‘sphere of activity’ is the locus of points where the attractions 
of the Sun and planet are equal. In reality, the formulias ex 
press the condition that the ratio of the attraction of the Sur 
to that of the planet shall equal the ratio of the attraction ol 
the planet to the disturbing action of the Sun. The final ap 
proximate formula would have been the same if the condition 
had been written, that the ratio of the attraction of the Sun to 
the disturbing action of the planet, should equal the ratio of the 
attraction of the planet to the disturbing action of the Sun. It 
will be observed that this is quite a different thing from the locus 
of points where the attractions of the Sun and planet are equal 
For example, it is well known that the Sun’s attraction for the 
Moon is always much greater than that of the Earth, and con 
sequently the surface of equal attractions is entirely within the 
Moon’s orbit; while, on the contrary, Professor Hall found that 
the radius of the Earth’s “sphere of activity’’ is 591,700 miles 
or twice as great as the Moon’s distance from the Earth 
This emphasizes very strongly the difference between attrac 
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tion and disturbing force. The disturbing force depends 
upon the difference of attraction upon the two _ bodies. 
Thus, while the Sun's attraction for the Moon is very 
great, it is nearly the same for the Earth, and the disturb- 
ing effect is not so great as to prevent the Moon’s orbit around 
the Earth being nearly an ellipse. On the other hand, the Earth 
does not exert such a powerful attraction on the Moon, but its 
disturbing effect on the motion of the Moon around the Sun is 
very large, because the Sun is relatively so far away 

Laplace was led to give the definition of ‘spheres of activity,”’ 
used by Professor Hall, in his theory of the motion of comets in 
the neighborhood of planets. When a comet is very near a large 
planet, the planet exerts the predominating influence determin- 
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This is the equation of a circle whose center is on the x-axis at 
, ma . 
a distance © from the center of the planet in the direction 
m 
opposite to the sun, and whose radius is 


ay Sm 


(3) R : 
S 171 


Rotating the planet around the x-axis the circle generates a 
sphere which is.the locus of points where the attractions of the 
Sun and planet are equal. 


In the Astronomical Journal, No. 461, in a paper entitled, ‘‘ The 
limits of temporary stability of satellite tion, with an appli 
cation to the question of the exist Sec ody in the 
binary system, F. 70 Ophit I hay ned a sphere sut 
rounding a planet, outside of which a te é not revolve 
without passing away to the Sut re pon which 


the definition i sed 1s toe mplicate y1 1 here, 














284 The Spheres of Activity of the Planets. 


The figures are taken from Professor Hall’s paper. Column (B) 
gives the radii of the spheres outside of which satellites cannot 
permanently revolve. It is computed from (4). Column (C) 
gives the radii of the spheres of equal attraction and iscomputed 
from (3). The results are expressed in miles. 


(A) (B) (C) 
Mercury, 55,700 87,000 21,000 
Venus, 325,000 419,000 105,000 
Earth, 501,000 620,000 149,000 
Mars, 316,000 449 000 81,000 
Jupiter, 26,000,000 22,000,000 15,000,000 
Saturn, 29,000,000 27,000,000 15,000,000 
Uranus, 28,000,000 29,000,000 12,000,000 
Neptune, $7,000,000 48 000,000 20,000,000 


It will be noticed that the columns (A) and (B) are substanti- 
ally the same, although it could not have been foreseen from the 
definitions. The irregularities in the differences may be due, in 
part, to the differently varying effects of the approximations em- 
ployed. 

The limits in the cases of the inferior planets are less for the 
reason that their masses are smaller, and also because they are 
nearer to the Sun. At the beginning of the evolution of a planet- 
satellite system, the masses and velocities might be so distributed 
that the tides on the planet would drive the satellite beyond this 
limit of stability. Other things being equal, the limit would be 
passed sooner for planets near the Sun than for those remote, 
and this suggests the idea that Venus and Mercury may have had 
satellites in the remote past which have been driven outside of 
the planets’ “spheres of activity’’ by the action of the tides. 
As Darwin has shown in his masterful researches on Tidal Evolu- 
tion, the tides would also retard the rotations of the planets; so, 
it is possible that the periods of revolution and rotation of Ve- 
nus and Mercury are respectively equal as a consequence of the 
action of satellites now escaped, as well as of the retarding ef- 
fects of the tides raised by the Sun. This theory would make 
less strange the great difference in the rotation periods of Venus 
and the Earth. Still, it must be understood that this hypothesis 
is advanced as being a possibility, and not as possessing any 
great degree of probability. 

It is proper to ask what would become of an escaped satellite. 
No certain answer can be given to that question, but it is proba- 
ble that sooner or later it would either fall into a planet or the 
Sun, or, pass so near to one of them that it would be disinte- 
grated. The course of events would doubtless be very different 
with satellites leaving the various planets. 
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In considering the tidal evolution of a planet and satellite, it is 
always necessary to include the effects of the tides raised by the 
Sun. They retard the rotation of the planet, as well as those 
produced by the satellite, and thus help to bring about an equal- 
ity between the period of rotation of the planet and revolution 
of the satellite. It is clear then, that this final condition of 
equality of period, in which the tides do not directly effect the 
motion of the satellite, will occur with the satellite less remote 
from the planet than it would if the Sun were not also raising 
tides. The problem of determining just how far a satellite will 
recede from a planet when the action of the tides raised by the 
Sun is also included is one of very great difficulty, and especially 
so when there are several satellites attending the same planet. 
If this question were answered it night show, in connection with 
the ‘‘spheres of activity’’ defined above, that the planets will 
eventually lose all of their satellites except, of course, the inner 
one of Mars which is approaching the planet. This would be 
less likely to result if the satellite were small, for then the solar 
influence would be the more important. 

The table given above furnishes the limits of the distances 
from the planets beyond which satellites cannot exist. For the 
purposes of the observer they should be expressed in ares. The 
following table gives the maximum angular distances that 
satellites can be from their respective planets as seen from the 
Earth, and is, of course, computed supposing that the Earth and 
planet are in conjunction. 


Mercury, 0 ) Saturn, : 87 
Venus, 0 5&5 Uranus, 0 59 
Mars, O 44 Neptune, 1 1 
Jupiter, 3.13 


It is conceivable that the satellites have still smaller satellites 
attending them, as they attend the planets. In fact, satellites of 
the Moon have frequently been sought for, especially during 
lunar eclipses. Let us apply our ‘‘sphere of activity’’ test and 
find the limit outside of which a satellite to the Moon could not 
exist. Regarding the Moon as revolving around the Earth, and 


neglecting the disturbing action of the Sun, we find, R = 25,000 
miles. 


Including the disturbing action of the Sun, which would oper- 
ate at times in the same direction as that of the Earth, we see 
that the real limit would be considerably less than 25,000 miles. 
Hence, we conclude that if a satellite to the Moon is ever found, 
it will not have an elongation greater than four or five degrees. 
THE UNIVERSITY OF CHICAGO, 1899, May 15 














286 Positions of Objects near Borders of Photographic Plate. 


DETERMINATION OF POSITIONS OF OBJECTS NEAR THE 
BORDERS OF A LARGE PHOTOGRAPHIC PLATE. 


For POPULAR ASTR‘ 


Occasion will often arise to find the f 


precise place of an object, 
like an.asteroid or a comet, situated at a considerable distance, 
say two or three degrees, from the center of a photographi 
plate. If there is a considerable number of catalogue-stars, 


within half a degree or so of the object, which it is desirable to 
utilize lor this purpose the rig yrous solution of this problem en- 


tails much labor which can be curtailed by the following process, 


if one is not over-fastidious about errors of 0.05, a quan- 
tity in general much below the accidental errors of 


tion and of the 


observa- 
atalogue-places of the determining stars. 

Let a, 6, be an approximate assumed place of the unknown ob- 
ject, and Ja,, Jd, the corrections to be determined. Let A,, D,, 
be the R. A. and Decl. of the center of the plate, and a’, 6’, the 
catalogue-place of one of the determining stars. Put 


A= (a,— A,) sinl’’, D= (6, — D,) sinl”’ (1) 
then compute, with four-place logarithms merely, 
Pe a | 1 | 
A, = 10° (; DP + = A® (3 cos? 6, — 1)) | 
A, = 10° (AD — A tan 6,) 
— 1 
A, = 10" sin 1” (D— 5 tan 9,) 
: 1 ‘ 
A, = 10" sin 1” = A (3 cos? 6, — 1) 
A, = 10° sin 1” (— A tan 6, sec 6,) (2) 
a= 102 A sin 26 Pe 
2 
1 : 
D, = 10° (D? + 5, A’ cos 29,) 
2 | 
D, = 10° sin 1” A cos 20, | 
er 
D,= 10° sin 1 4 sin 20, | 
D,= 10" sin 1” D J 


For each catalogue-star find with Ja = a’— a,, 16 = 6’—6,, the 
differences from the assumed place of the object to be determined, 
4X, 4Y, in rectangular coédrdinates, by means of 








6X s sin 1 { 
j | 
A\ l 
nD 
where 
<p | 
I 
ite 
pl 
pla 
Pu 
Che t 
\ 
where a 7 G 
LOOO 
The numerical work involved in computing, once for all, t] 


efficients in (2),and the substitution for the several, stars i 

to find 4X and 4Y, is much less (where, as usually, there are from 
eight to a dozen available comparison-stars) than by the use of 
the rigorous trigonometrical formulas, which require X and Y to 
be computed for allthe objects, accurately with seven-place logar- 
ithms, from 


. cos (a—A 
tan K = ( ~ 
tan 0 a 
: - (¢) 
“ tan (a A.) sin K : 1 
~ sin (D.+ K) sin 1” tan (D,+ K) sin 1’’ J 


and then the differences to be taken between the unknown and 
comparison-stars to get JX, JY. 
To show the facility of the process an example is taken from a 
plate for which M. Prosper Henry has given the materials (Bull. 
du Comité Int. Perm., 2nd Fasc., T. 11), although it does not 
fully illustrate the advantages of the method, which is intended 
and adequate for cases where the group of stars is several de- 
grees from the center of the plate, whereas it is here only about 
six-tenths of a degree. 

The center of the plate is at A 4", & + 24°. The ap- 
proximate place of the star / to be determined, is assumed a 
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123" 41*:00..6, 
stars are 


+ 24°18 10”.0. The places of the comparison- 


of Objects near Borders of Photographic Plate. 


ait 8” 
h m 8 > , ” 

a 0 59 31.38 +24 25 18.2 

b 0 59 59.37 23 26 $51.1 

ec 1 1 = 1.05 24 22 97 

d 1 2 461 24 26 21.5 

e 1 8 52.92 23 55 30.1 
We have from (1), log A = n8.004681, log D = 7.723001. Also 
the following lagarithms for use in computing (2). 


| 
A® 6.0094 | A’ n4.0140 
D? 5.4460 | D® 3.1690 


cos 6y 9.95970\sin 26, 9 8752 
tan 6, 9.6547 
3 cos? 6, — 1 0.1736 


cos 26, 9.8204 10 


tS|— 


9.6990 
3.0000 


sin 46, 9.9965 10' 


sin 1” 0.6856 


Then from (3) we find 

AX sec 6, = 4a + 0”.090 [4a] + 4.511 [46] 
— 1”.069 [4a] [46] — 0”.037 [4a]? + 0.024 [46]? 

= 46 — 3.”793 [Ja] + 0.062 [46],—0.”032 [4a] [4d] | 
+ 0.909 [da]? + 0.7026 [ 46]? J 


The determination of JX sec 6; and 4Y from (8) is exemplified 
for star a, as follows, 


(8) 
AY 


” 





Aa 1944.30 45+ 428.20 
0.17 45+ 7.37 
t 1.93 ++ 0.03 
af 0.90 4 003 
0.14 + 3.44 
0.00 0.00 
4X sec 4; 1941.78 
log n3.288200 
cos 6, (24° 21’ 44’") 9 959497 
ax 1768” .88 4Y+ 439” .07 


The values of 4X and 4Y for all the stars, and also those of 26, 
4» given by the measurements, as well as n and n’ by (4) areas 


follows: 


AX AY 4d: 4n n 
a 1768.88 + 439 07 1776.86 + 424.30 + 7.98 +- 14.77 
b — 1398.63 1271.11 1407 06 1284.75 + 8.43 +- 13.64 
c 544.92 + 242.34 554.62 227.32 +- 9.70 + 15.02 
d 324.49 t+ 490.31 315.51 476.04 + &.98 + 14.27 
¢ + 1803.22 1363.78 1793.39 1376.25 + 9.84 + 12.47 





whence the equations of condition, by (5) and (6), for determin- 
ing 4@, are 


La 2 0.44 4 da, cos 6 + 7.98 
1.49 °* Lae soa + 8.43 
0.54 “ +024 9.70 
10.32 | 0.49 “ + §.98 
+- 0.18 too ™ = 9.84 
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The equations for determining 46, are the same, substituting x’, 
y’, 46,, as the unknowns, and n’ as the absolute term 
The solution gives 
4a, cos 5 + 9’ .37 
4a + O° .658 + 14” O01 





Hence a 72" 8 8§8641°. 658 + 24° 187 ¢ 

It may be remarked that the rigorous formulas (7) give values 
differing in no case more than 0’.05 from those found above: 
also further that the form of equation of condition (5), includ- 
ing four unknowns, x y x’ y’,for the plate-constants, will, as has 
been shown by Turner, give 4a@,, 46,, free from aberration as well 
as from differential refraction so far as the latter can be assumed 
to vary proportionally over the region covered by the group of 
stars measured. This will be the case generally for moderate 
zenith-distances, say under 60°. Finally it should be noted that 
for high declinations, say much over 60°, the rigorous equations 
(7) are requiredin any case, since the attempt to include the terms 
neglected in (2) would complicate them too much for practical 
use. 

I have had occasion recently to apply the above process to 
cases where the distances from the center were as large as three 
degrees, and have found it so useful that it has seemed worth 
while to print the method in PopuLAR AstTRONoMmy for the benefit 
of its readers who may have similar applications to deal with. 


THE PARALLAX OF THE GEGENSCHEIN. 


J EVERSHED 
FoR POPULAR ASTRONOMY 

Professor Barnard in his very interesting and instructive ar- 
ticle on the gegenschein in Popular AsTRONOMY, No. 64, refers 
to my explanation of this object, which assumes it to be a tail 
to the Earth of escaping hydregen and helium, analogous to a 
comet’s tail. 

This theory Professor Barnard promptly annihilates by the re- 
mark that the absence of any parallax is fatal to it. 

The question of parallax was carefully considered by me before 
publishing my theory, and I regret that I did not allude to itin 
my letter to the Observatory. I think, however, that if Protes- 
sor Barnard will reconsider the conditions of the case he will 
agree with me that the absence of any observable parallax does 
not in any way invalidate my theory 
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My point is this: I assume that the length of the Earth’s tail 
is not of the order of hundreds of thousands of miles, but rather 
of tens of millions! And that parallax can only affect the neare1 
portion, which moreover is hidden in the Earth’s shadow 


This assumption as to length is justified by the analogy of 


of 
cometary tails Probably no self-respecting comet h evel 
ventured within our system with a tail of less than a million 
miles! The very beautiful photographs ot these objects which 
Professor Barnard has obtained show that many of the fainter 
comets are possessed oi extraordinary long tails, and it is need 
less to mention the great sun-grazing comets whose tails at peri- 
helion stretch out for a hundred millions or so of miles 

In referring to the simultaneous observations of the gegen. 


schein made in Northern and Southern latitudes Professor Bar 
nard concludes that ‘‘had the gegenschein been an actual object 
at a distance not greater than the Moon the observations would 
doubtless have indicated its parallax.’’ Now, according to my 
theory, I suppose that what we see as the gegenschein is in re- 
ality the integration of the light reflected from gaseous molecules 
situated at varying distances along the axis of the tail. But the 
nearer portion of the latter, say within the Moon’s distance, 
would be completely blocked out by the Earth’s shadow, whilst 
the greater proportion of the light would be contributed by 
particles situated at vastly greater distances than the Moon. 
It is evident, therefore, that the centre of the gegenschein would 
be practically unaffected by parallax, even if its position could 
be located with considerably greater accuracy than is possible 
with so ill-defined an object. 

With regard to the apparent distance of the gegenschein I 
would like to ask Professor Barnard whether he can state any 
definite reason for his belief in the nearness of the light from 
mere visual estimate? He says that ‘“‘it does not seem to him to 
be extremely far away.” 

But is there any possible means of forming even an approx- 
imately correct judgment of the distance of such an object as 
the gegenschein by eye alone? There can be no question here of 
the parallactic or focal adjustment of the eyes, which under or- 
dinary circumstances, by an unconscious cerebral process, is sup- 
posed to give one a more or less correct notion of distance. 


Through the courtesy of Mr. Evershed, I have been permitted 
to see the above note. 
Perhaps I did Mr. Evershed an injustice in stating that the ab- 
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sence of any appreciable parallax in the gegenschein was fatal 
to his theory, because any theory that in any way goes to ex 
plain the phenomenon should be encouraged, for there is little 
enough that is satisfactory in the previous attempts to explain 
it 


The observations show that the gegenschein is frequently as 
much as 20° in diameter. It is evident m this t tifitisa 
tail to the Earth it could not be hidden in the Earth’s shadow 
for any very great distance as Mr. I shed poses. It there- 
fore still seems to me that we s ld ‘ 1) illax 
throughout the night from the nearer portions 

[t would seem also that the shadow of the Earth ought to be 
seen projected on the gegenschein if Mz: ershed s theory 1s cot 
rect—an objection which I believe some one h already offered 


Mr. Evershed is quite correct in questioning my statement that 
the gegenschein ‘‘does not seem to be extremely far away.’ I do 


not think anyone can tell much about the distance of ar 


object 

of this kind from its looks alone, and I can not explain the state 

ment further than to say that the object 6 impresses me with a 

sense of nearness—which is no explanation at all! Perhaps, 

however, the impression is in part due to the very great size of 

the gegenschein. E. E. BARNARD. 
1899, May 8. 


RE-DISCOVERY OF TEMPEL’S SECOND PERIODICAL COMET 
c 1899. 


C.D). PERRINE 
For POPULAR ASTRONOMY 
This comet was re-discovered by the writer on May 6, with the 
36-inch refractor of this Observatory. Its position at the time 
of rediscovery was May 6° 21" 47" 4° Gr. M. T. 


a = 18" 52™ 57°.78 0 £° 32° 19.1 


A comparison of this observation with Schulhof’s ephemeris, 
published in No. 3554 of the Astronomische Nachrichten, showed 
the following very small derivations— 


Obs.—Comp. a, — 5°.61 é, i?" 2 


The comet is very small and faint, not being over 10” in di- 
ameter and from 15’%2—16 magnitude. It is brighter at the cen- 
ter with some indications of a nucleus. 

It was discovered first on July 3, 1873, shortly after passing 
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perihelion, by Wilhelm Tempel, at Milan. It was soon found to 
be of short period and has been observed at the returns of 1878 
and 1894. 

The comet appears to be decreasing rapidly in brightness from 
a comparison of the various apparitions. At the time of dis- 
covery it was described by Tempel as faint but a few days later 
is described as over 5’in diameter and much brighter. At the last 
observation in 1878, its theoretical brightness as deduced from 





1 , , ; ‘ 
the formula np was 0.113; in 1894, at the time of its discov- 


ery, Finlay describes it is 11th magnitude or fainter, while its 
theoretical brightness was 0.190; at its present appearance its 
theoretical brightness is 0.475 and its observed brightness 15% 
—16 magnitude. It must be remembered that comets do not fol- 
low this law of brightness very closely but in the present case the 
discrepancies are larger than usual. 

The comet is well situated for observation from Earth at the 
present return and in July will be only about a third the Sun’s 
distance from the Earth. 

The disturbing action of Jupiter on comets is well shown in 
this instance, the time of perihelion being retarded more than 15 
days although the comet did not approach that body nearer 
than 1.9 units. 

Lick OBSERVATORY, University of California. 

1899, May 9. 


THE FUNCTION OF CRITICISM IN THE ADVANCEMENT OF 
SCIENCE.* 


FRANK HAGAR BIGELOW 


We now pass to comment briefly on the second canon of iden- 
tity, namely, whether the material is new or old. This isa pre-, 
cept which is becoming of increasing importance as the matter of 
scientific investigation accumulates, and with serious accelera- 
tion as time goes on. The immense mass of papers which must 
be examined before it is safe to pronounce a thing new in any 
subject is already becoming a source of anxiety to students. It 
is indeed the primary cause of the specialization now going on so 
rapidly, by which one man becomes an expert in a very limited 
field of work, but at the same time undergoes a process of isola- 


* Continued from page 261. 
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tion from his fellow-workers. It is perhaps necessary to submit 
to this accumulation of literature, because the human mind 
seems capable generally of only relatively small improvements at 
a time upon the work of predecessors, except in the rare instance 
of a genius being produced by the grand process of nature. 
Sometimes a vein is falsely exploited, sustained by the pretension 
of novelty and the desire to acquire a reputation, as when an 
author deliberately gives a well-known subject some slight twist, 
which persists throughout his exposition, while in reality the 
work contains no genuine new contribution to science. Also sev- 
eral men may have been working quite independently of one an- 
other and thus have brought forth similar results by means of 
different courses of procedure. At any rate, we can all see that 
the necessity of a scientific clearing-house is becoming essential 
not only for the cgnvenience, but also for the real progress of sci- 
ence. There is need that in the subjects which have been practi 
} 


cally cleared up there should be some authoritative statement re- 


garding the final product of such investigations. Some attempt 
has been made towards this in tw r three directions (1) by 
means of the short summaries which certain journals of substan 


tial purpose are publishing; (2) by the 


institution of congresses 
or conferences of specialists, who shall pronounce regarding cet 
tain definite subjects and be responsible for tables of constants, 
formulz, as well as nomenclature the very growth, however 
of knowledge makes the task set for the standard journals in 
creasingly difficult, because the reterence summaries are meager 
and there must necessarily be an immense and increasing numbet 
of them. The work of our congresses or international commit 
tees is also unsatisfactory, because the labor of bringing many 
men to the same point of view regarding intricate questions is 
very great, and, indeed, so impracticable that in fact only few 
advanced problems, and usually only simple questions, can be 
treated in this way. 

In my judgment, the best plan to pursue would be for experts 
to train themselves thoroughly in special directions, so that they 
can study up, digest, and classify certain branches of knowledge 
once for all, and thus leave to their successors all the real infor- 
mation there is, expressed in short space and in language recog- 
nized as standard. If this generation has been prolific of a mul- 
titude of research men, the time may not be far distant when ad- 
vanced work will be limited to the tew who have developed spe- 
cial knowledge and peculiar instinct for such progress, and when, 
simultaneously, a number of students shall unify and simplify to 
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the utmost the real residuum of facts and laws. For this latter 
purpose we need first of all a standard international system of 
notation in mathematics and physics, by which it will become 
perfectly easy to pass from one man’s writing to another's, so 
far as the use of codrdinate axes, letters, and symbols to repre- 
sent fixed quantities and relations are concerned. I have taken 
the trouble, indeed it has been a necessity for me to do so, to re- 
arrange the symbols in my texts on meteorology and terrestrial 
magnetism in a uniform notation, to the great assistance of 
scholarship and pleasure in studying these subjects; for there is 
nothing more annoying than to acquire the ideas of one author 
in certain equations, and then on passing to another author who 
has written on parallel lines to find the same ideas and facts ex- 
pressed in terms just enough different to make every equation 
and combination look strange. It 1s also a surprise, after these 
subjects in a half a dozen books are reduced to one notation, to 
find how widespread the tendency is to go over the same ground 
again and again and yet with no real advance beyond sugges- 
tions as to minor details, which occur incidentally and only as 


subordinate aspects of the same truth 


Thus we find in (1) Barometry the attempt to put Laplace's 
equation in a dozen different forms, which neither advance in any 
respect the real subie i tt variation of the ai pressures with 
the height, while in fact ese can well be summarized in one 
system, sucl the Ir ial Committee 1 posed; in (2) 
the Thermodvnamies tmosphere, the tundamental rela- 
tions are « | ) { 1 in one con pre SiVve scheme, 
which shall oplant all t vers now referred t nd wherein 
there is mu k: in (3) Terrestrial! Magnetism 
there are d s of coOrdinates and notations 
now a2 veut \ e to three { canons the 
entire subj 1 as one; in (4 tricity and 
\Magnetist vi f formule have } na red trom 
Vaxwell t he d om Helmholtz on the other, forming 
now the Englis le German schools; in (5) Astronomy and 
Geodesy there 1s the saime rgence of processes INE ©° from 
the several works of th ginal investigators, which yet might 
be reduced to one simple and comprehensive systen it seems to 
me that we must soon have a clearing-house of these funda- 
mental matters, carried out radically and mprehensively. 
Then all authors should write their works in the adopted sys- 


tem, on the penalty of not being published at all. Much _ pre- 
tentious new knowledge will thus be found to he old, and all 


recognized advances will be substantial. 
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We must hasten over the second canon of newness and oldness, 
to spend the rest of our limited time on the fascinating topic 
suggested by the third case, namely, that of rank in the hierarchy 
of knowledge. This comprises the assignment of relative merit 
to those requirements of science which as individual facts, laws, 
and theorems are sound, and have passed through the two ante 
cedent stages of criticism. In illustration of this principle, it 
may be profitable to call attention to one of the most important 
and interesting struggles for supremacy that has arisen in the 
history of the development of science There may be some 


features of this topic which are not sufliciently familiar to those 


} 


who have never made a special study of these subjects, to make 


to understand fully the merit tf this con- 


7 
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Another point that puzzled men so long was, How can a body 
keep moving about another continuously without some addi- 
tional force to sustain the motion in its path? Only gradually 
did the great truth emerge, through the suggestions of Leonardo 
da Vinci, Galileo’s law of falling bodies, and Huyghens’ theory 
of central forces, till Newton was able. to define it in the laws of 
inertia, composition forces, and mutual action. The splendor of 
these conceptions excited the imagination of the best minds, not 
only to extend the sphere of observation but also the purely 
mathematical analysis of all sorts of mechanical problems. 
The contribution of Laplace, d’Alembert, Lagrange, Hamilton 
and many astronomers, whose names are immortal, have cer- 
tainly carried out the promise of Newton’s laws to splendid ful- 
fillment. Along with the success attending these achievements, 
there grew up the conviction that the entire range of phenomena 
in the universe, great and small, can be finally reduced to some 
part of the theory of mechanics. With this object in view, all 
problems in physics, in chemistry, and even in mental psycho!- 
ogy, have been attacked along the lines of mathematical mechan- 
ics. What shall we now say—with success? That is the very 
question to which I desire to direct your attention. 

Along with the satisfactory solution of many problems which, 
though great in themselves, are only minor parts of a more com- 
prehensive subject, the human mind has gradually gone onwards 
from the study of the operations of nature, as embodied in cer- 
tain laws, to an investigation of what is behind the law itself— 
the forces, the energy, the ultimate substance, out of which the 
material world is built. For if the law of gravitation is known, 
what about the gravitating force itself—its origin, nature, and 
operation? What about molecular and chemical forces in them- 
selves? What about the nature of heat energy, kinetic and po- 
tential energy, work energy, electric and magnetic energy? 
What about the ether, the atoms, action at a distance or 
through a connecting medium? The mere mention of these 
modern questions is sufficient to recall the vague suspicion which 
has been recently overspreading the scientific world, that per- 
haps after all mathematical mechanics is going to fail of its ul- 
timate mission. For | have only to remind you that the great 
modern masters, Maxwell and Helmholtz, definitely abandoned 
the use of the purely mechanical equations, and attained their 
advances by the employment of the more comprehensive energy 
equations; and also to note that their disciples, J. J. Thomson, 
Heaviside, Hertz, Planck, Boltzmann, Helm, and others, are 
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working these problems from the energy point of view and not 
from the purely mechanical. The trouble has been two-fold. In 
the first place, the mathematical equations become too compli- 
cated for operation outside the province of simple geometrical 
points in their mutual interrelation; and in the second place, 
there is coming to realization the fact that the fundamental 
things of this universe are not so simple as the geometers would 
have them. The two laws of thermodynamics, with their ex- 
pressions of conservation of energy, namely, the impossibility 
of creating energy or destroying it, and the impossibility of 
transforming energy except under certain definite conditions, 
have given rise to a new reach of knowledge apparently as high 


above the three Newtonian laws of motion, as these are above 


the Ptolemaic fear that man would slip off this Earth if it were 


round. Itis now about as difficult for us to perceive how it can 
be that the collision of gas molecules is maintained without the 
addition of some outside forces, as it was tor the churchmen of 
Galileo’s day to see how a planet can continue to circle about 
the Sun without some outside force acting on it to push it along. 

Let us now go back to our other starting point, the theory of 


phlogiston, and advance to the general point of view, namely, 
the struggle between mechanics and energetics, which we wish 
to more fully explain. The history of the development of our 
ideas of energy, from the theory of phlogiston to the laws of in- 
tensity and capacity, is one of the most fascinating and instruc 
tive accessible to the student of science the phlogistic theory, 
invented by Stahl at the end of the seventeenth century, was in 
vogue for about one hundred years, till Lavoisier overthrew it 
finally. It maintained the notion that every combustible sub- 
stance contained an inherent principle which it lost during com 
bustion. Hence all combustible substances are compounds- 
Charcoal, coal, sugar, flour, &c., are rich in phlogiston. The 
actual escape of flame from a burning substance as a visible 
something, the uncertainty of the nature of heat, and the idea 
that it is a form of imponderable matter, caloric, gave the 
theory its strength. Besides, no other theory was known which 
could take its place. Oxygen was dephlogisticated air because 
it was capable of taking more phlogiston from nitrous air, and 
therefore must itself contain less of the principle. Nitrogen was 
phlogisticated air because it could give up the burning material 

This theory fell under the blow which Lavoisier dealt it with 
his balances. He weighed his gas and found that what one lost 
on entering into chemical combination, the other gained in 
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weight. He found that air consisted of a mixture of two gases, 
one of which could support combustion, while the other could 
not. He proved that water was a compound of hydrogen and 
oxygen, uniting in definite proportions. His opponents, the ad- 
herents of the phlogiston theory, Priestly, Cavendish, did their 
best to break the force of these experiments; but they never suc- 
ceeded, and the theory perished with them, so far as phlogiston 
is concerned. 

The similar theory of caloric had a life for nearly 50 years 
longer, till about 1845, when Joule by experiment proved the 
mechanical equivalence of heat and work; in other words, that 
heat, no more than the principle of combustion, is a substance. 
Having arrived at this negative proposition, it is not too much 
to say that after 50 years more of eager study we do not yet 
know what heat is, although we have discovered much about 
the operations of nature roughly classified as heat. The story 
of this attempt to solve the main problem is worth repeating 
(Compare Energetik, Helm). The discovery that combustion 
must be ascribed to a process and not to a substance, and the 
later proof that heat is a process and not a substance, brought 
up the entire range of questions involved in natural process, 
and with them the study of the primary problems: What is 
force? What is energy? A long controversy arose over the 
proper measure of force. Some said, It is the motion generated, 
and hence where there is no motion there is no force. Others 
eluned that the acceleration of motion, the rate at which 
velocity of motion changes, is the true measure of force, and 


these still hold the field. Helmholtz defined energy as E F nv? 


in 1847. It had already been surmized that heat is a form of 
motion. Hobbes thought that light and heat had a common 
origin in motion; Locke that heat is only motion; J. Bernouilli 
had the conception of the conservation of energy; Daniel Ber 
nouilli suggested the kinetic theory of gases; Count 


‘—4 


Rumtord 
boiled water by means of friction only; Humphrey Davy melted 
ice by rubbing two pieces over each other; Fresnel showed that 
light and heat are interchangeable; Mohr discussed the trans 
formation of forces; Lagrange found the dynamic equation of a 
conservative system of forces. The practical mechanicians soon 
saw that the transformation of forces leads to the idea of the 
conservation of energy. Poncelet took as the measure of work 
a force operating through a given space and proved the principle 
of the transmission of work. This principle, work = Fds, is the 
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ground of the energy conceptions, and from it comes the theorem 
of the mechanical equivalence of heat and work. Robert Mayer, 
1842, laid down these concepts: ‘‘Energy is indestructible;”’ 
‘‘energy has variable manifestations ;”’ ‘‘energy is imponderable.”’ 
He also distinguished clearly ‘potential and kinetic energy.” 
These concepts have dominated the thought of the past 50 
years, but recently we are trying to do away with the distinc- 
tion between potential and kinetic energy, as an incomplete 
statement of a greater truth. Rumford, Carnot, Mayer, Cold- 
ing, Joule, Clausius, and others have sought the mechanical 
equivalent of heat in various ways, and it turns out to be about 
126.8 kilogram-meters or 777.9 foot-pounds for this latitude. 

Helmholtz sought to ground a theoretic basis for the transfor- 
mation of energy in the principle of the “impossibility of per- 
petual motion,’ and showed that the mode of transformation, 
such as a Carnot cycle, does not affect the result, but at first he 
was unsuccessful in arriving at an analytical expression. He 
then introduced the further principle of action and reaction, 
which is equivalent to limiting the operation of his cycles to cen- 
tral forces, and proved that rotations as well as translations 
must be taken into the account, and thus arrived at the famous 
theorem of the conservation of energy : ‘‘ In the conservative sys- 
tems, the sum of the kinetic and the potential energies is a con- 
stant.’’ Helmholtz made an application of his principle to mag 
netic, electric, and heat processes, but fell into another error, and 
his result met only with opposition, showing how hard it is even 
for a master mind to successfully grasp at the outset the truths 
of nature’s operations. Another thread of the problem was 
worked out by Carnot, Clausius and Thomson, culminating in 


the entropy theorem, which, coupled with the theorem of conset 


vation, gives the two laws of thermodynamics. Stripped of all 
technicalities, the first or conservation law is, that energy cat 

not be created or destroyed by mechanical processes; the second 
or entropy law is, that the energy of a body can be transformed 
only from higher to lower states of intensity. The first law as 


serts that the sum total, or the energy of the universe, is con 
stant; the second that the available useful energy of the solar 
system is diminishing in efficiency 

It cost much labor and effort to arrive at the true mathemati 
cal expression for the second law. The early investigators, Car 
not, Clayperon, and Horstmann, did not emancipate their minds 
from the erroneous idea that heat is a substance, caloric. Car- 
not knew that heat and work were transformable quantities, 











300 Function of Criticism in the Advancement of Science. 


but, supposing that heat is an indestructible substance, he never 
went beyond the incorrect statement that heat is equivalent to 
the work done. He did not know about the entropy function, 
which connects the quantities of heat energy and work energy. 
Clayperon followed Carnot’s error, and the differential equation 
which they adopted as fundamental is erroneous, since they sup- 
posed they were dealing with a true differential, which was not 
the case. Carnot introduced the fruitful idea of reversible and 
irreversible cycles; Clayperon used the indicator diagrams to 
measure the value of the work expenditure in a complete re- 
versible cycle. To Clausius and W. Thomson (Lord Kelvin) be- 
longs the credit of the discovery of the entropy fanction and the 
analytic form of the same. ClJausius first used the word entropy 
in 1865, but the idea was complete in 1855. Thomson began 
his work on this subject with Carnot’s idea, but in' 1850 aban- 
doned that view of the relation of heat and work. First he de- 
fined the absolute temperature, then he relinquished Carnot’s 
statement that in doing work heat asa substance does not lose 
in quantity, but only in aspect, and accepted Clausius, proposi- 
tion that heat is a molecular movement, which in doing work 
loses quantity as well as changes in aspect.. Carnot had, how- 
ever, this correct idea, that the kind of medium through which 
the work is done is not essential, but only the initial and final 
temperatures, for otherwise perpetual motion would be possible. 
Clausius admitted that the small changes in the intrinsic energy, 
the heat energy, and the work energy are not true differentials, 
but only small variations. 
‘ AW _ 4,—48, : 
Thomson reaches the relation, aa oe where A is the 
~~? 2 

mechanical equivalent of heat ; 

W is the work performed ; 

Q» is the heat transformed at the higher temperature, 4, 

#, being the lower temperature. 


Z 


. ‘ do. 
There follows from this, S = { < 


Ads 
4 dO dS. 
Zz 


: — FF 
The expression, dS = 7 18 called the entropy law, and was 
put in its final form by Planck. It shows that the entropy must 


increase for a given expenditure of heat operating at a fixed tem- 
perature, or if the entropy is held constant, the temperature 
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must be lower. Hence the entropy of the world tends towards a 
maximum, or the temperature of the world is running down 
towards a minimum. Since this formula applies only to Carnot’s 
reversible processes, we find that for all irreversible processes the 
expression is dQ < 4dS, and hence the complete expression of the 
second law of thermodynamics is dV = dS. For the first law we 
have dE=6dS + dA, where dE is the change in the intrinsic en- 
ergy, dS that in heat energy,and dA that from all other sources, 
the sign of equality holding for the reversible processes and the 
sign of inequality for the irreversible processes. 

I may well apologize for going so far into technical expressions, 
but the importance of the conclusion in view is such that I beg 
your indulgence for a very few moments longer. When the prin- 
ciples suggested by the second law of thermodynamics are ap- 
plied to the other processes of nature, it is found that nearly 
every region of phenomena falls under the same general form, 
and that taken together they make up one great principle, of 
which dQ = @dS. is the type. The following table is compiled 
from Helm’s Energetik, 1898, and embraces heat, kinetic and po- 
tential mechanical energy, central and cyclic work, surface and 
volume energy, terrestrial and universal gravitation, frictional 
and chemical energy, electric and magnetic energy, electric and 
magnetic polarization: 


Forms of energy. Intensity. Capacity Change in energy. 
Q Heat. 6 Absolute Temperature. S Entropy dQ 6 .dS 
T Kinetic energy. x! Velocity. mx! Force dT x! . d(mx') 
U Potential energy. V Potential energy. m Molar mass. dU V .dm. 
Ay Work (cyclic). 2T Kinetic energy log g Cyclic moment. dA, = 2T.d log q 
A Work (central). X Force. B. Distance da X .dx 
Ag Surface energy. P, Surface tension. Go Surface dAg P, .d@ 
Ar Volume energy. P Pressure. r Volume. dA, P .d(—t). 
W Terrestrial gravity h Height gm Weight dw h .d(gm). 
Z Universal Gravitation = Potential = =Mae dZ = dm 
r ‘ { » 
R Friction v Velocity. . peaeacamnen dR v . dK. 
C Chemical energy. JI Chemical intensity Mo Chemical mass dc IT . dM. 
Ee Electric energy. F Electric tension. Electricity dE,  . de. 
Ex Magnetic energy. Q, Magnetic tension H Magnetism dEw =Q .dH 
D Displacement. J Electric current 1 Electric density dD }. 3h 
B Induction G Magnetic current V Magnetic density. |\dB 4 .dN 
Lagrange’s Law d (9(T — VU) 6(T—U) P 
(energetics). dt 5p’ 6p ’ 


external force tending to increase p. 
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d’Alembert’s Law (% 
(mechanics). e =(Xdx + Ydy + Zdz) 1, — 2. 
t increase of energy 
I. Helmholtz’s Law. T+ U => H=conservation of energy. 
Il. Intensity and ca- ; ; 
pacity Law. dE — J.dM = transformation of energy. 


This analysis of phenomena shows thet variations of energy 
in their transformations are known only as the product of two 
terms. Of energy itself, the primal quantity, we know nothing 
as yet. Whether it ever can be known to man remains to be 
seen. Of the two factors which measure the change in energy, 
the first is called the intensity and the second the capacity. Ex- 
amples of intensity are the absolute temperature, velocity of mo- 
tion, the potential function, the double kinetic energy, force, sur- 
face tension, pressure, height, the Newtonian potential function, 
chemical intensity, electric and magnetic tension, electric and 
magnetic currents. These quantities are the guages of the con- 
dition of the substance through which the work of the transfor- 
mation of the energy is performed. Thus the temperature or 
pressure of a body prescribes the amount of the work required 
to produce a given rise in its heat or volume respectively. Now, 
the prerequisite that there shall be any transfer of energy what- 
soever is that there must be differences of intensity in contact 
with each other. For any transfer of heat there must be two 
bodies in contact having different temperatures, as hot and cold 
pieces of metal; or two bags of air with different pressures, 
which are spherical before contact, but become deformed on 
touching each other, the bag of lower pressure yielding more 
than the one at higher pressure. Next, the transfer of energy is 
always from the substance of higher intensity to the one of 
lower intensity, as from the hot to the cold body, from the high 
pressure to the low pressure body. The second law of thermody- 
namics therefore becomes general by saying that every energy 
form endeavors to go over from a higher to a lower intensity. 
This is the intensity law and is universally applicable, so far as 
now known. 

The second factor in energy changes is called the capacity, and 
examples of it are entropy, force, molar mass, the cyclic moment, 
distance, surface, volume, weight, resistance, chemical mass, elec- 
tricity, magnetism, electric and magnetic density. The capacity 
measures the amount of the energy transferred from one body to 
another. If intensity measures the amount of the disturbance of 
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equilibrium, and conditions the rate at which the transfer of en 
ergy takes place, the capacity measures the amount of energy 
that is transferred when the form of energy is changed. Hence 


under the law of conservation the amount of energy that one 


body loses the other gains, and therefore the sum of the capa- 
cities taken throughout the process is constant. The amount of 
heat one body loses the other gains in the new equilibrium; the 
amount of pressure one body loses the other gains, in order that 


equilibrium may be restored. If this equilibrium is disturbed by 
some change in the intensity, then the capacity measures the 
amount of energy that can transfer under these circumstances, 
and the total energy transformed is the product of the intensity 
and the variation of the capacity 

[t may seem strange that the terms that we employ freely 
force, mass, surface, volume, weight, electricity, and magnetism 
are only forms of this capacity function, and that they are ap 
prehended only during the instantaneous transfers of energy. It 
may cause surprise to perceive that the other set of terms we 
commonly talk about as entities, namely, temperature, velocity, 
potential and kinetic energy, height, pressure, tension, current, 
are perceived only during the transfer of energy; and it may be 
difficult to realize that we know nothing of heat, kinetic and po- 
tential energy, work, gravitation, friction, chemical, electric, and 
magnetic energy in their entities, but only in their processes of 
transfer. Energy is the great unknown entity and its existence is 
recognized only during its state of change. It may be surmised 
that we are here on the borderland of profound metaphysical 
speculations which we have no opportunity to enter upon at 
this time. 

For our immediate subject in hand, namely, the illustration of 
the third canon of criticism, that every valid and new fact or law 
must be assigned to its proper rank in the hierachy of science, we 
see at once that the foregoing analysis is of special significance. 
Here are more than a dozen examples from the processes of 
nature which can be classified under one comprehensive general 
law, whose principle once fully comprehended makes it possible 
to critically analyze a multitude of subordinate statements re 
garding the details of thought and theory which are found in 
current scientific literature 

The above law has been stated as an equality dE = J. dM, but 
this is applicable only to the cyclically reversible phenomena 
Now there is the second great class of phenomena, called the ir- 
reversible, which are not cyclic; that is to say, if a certain state 
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exists in a body at an initial moment, and if after going through 
transformations it can be brought back to the same state again, 
it is reversible; but if it cannot return to that state, it is irre- 
versible. Now there are many forms of energy-transfer which 
are irreversible; that is where the energy is wasted, so far as the 
efficient value of it is concerned, as where heat is lost by dissipa- 
tion, electric and magnetic energy by radiation. Hence there is 
the law of dissipation of energy as well as the law of conserva- 
tion, and the dissipation of the higher power energy seems to be 
the dominant practical fact in the world around us. 

Let us glance backward once more to a previous statement re- 
garding the onward march of mechanics as the means of solving 
the physical problems of the universe. At first, under the influ- 
ence of astronomy and mechanics of large masses, there was 
every prospect of its success; but when these principles were ap- 
plied to molecular or atomic masses, and to physical laws of 
greater complexity, the difficulties of the mathematicians and 
physicists began, and they nave continued to be insuperable to 
this day. The essence of the mechanical theory is d’Alembert’s 
law of work, that force operating through a distance is the 
measure of such work, dA = X.ds. Lagrange’s equation of 
work is derived by essentially ignoring spacial codrdinates and 
substituting the parameters (intensities) which determine the 
condition of a substance while coupling it with the other quan- 
tity (capacity) which denotes the direction of the change. In 
doing this two steps are involved: (1) the potential energy of 
the mechanical system is ignored or thrown out of considera- 
tion, and the kinetic potential is alone employed; (2) the change 
in kinetic energy is assumed to be equal to the change in the 
energy of the system. Iu a word, all energy is kinetic, and no 
eiergy is potential—that is, after all the grand change from the 
mechanical system to the energy system of treatment. Lagrange 
made it possible by his equation; Maxwell first recognized the 
importance and necessity of this reformation, and out of it came 
his splendid electric and magnetic equations; Helmholtz adopted 
the same plan and found the laws of the cyclic and reciprocal 
system; Hertz, in his great treatise on modern mechanics, ex- 
cludes the potential energy from his system; J. J. Thomson has 
successfully applied this method to a great number of physical 
problems, and he says, ‘‘We may look upon the potential energy 
of any system as kinetic energy arising from the motion of sys- 
tems connected with the original system, and from this point of 
view all energy is kinetic, and all terms in the Lagrangian func- 
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tion express kinetic energy, the only thing doubtful being 
whether the kinetic energy is due to the motion of ignored or 
positional coérdinates’’ (Dynamical Methods, p. 14). Poincare 
states, ‘‘I have demonstrated that the principles of thermody- 
namics are incompatible with mechanical principles of direct ac- 
tion and action at a distance; also mechanism is incompatible 
with the theorem of Clausius.’’ Helm makes a long argument in 
favor of the view that energy transformations cannot be ex- 
plained by mechanical analysis of the most advanced type. All 
this applies to the type of reversible or cyclic processes; but in 
the case of the irreversible or acyclic phenomena, even this law 
of Clausius is not available, for Poincare states (Thermody- 
namique, p. 422), ‘‘It results from this that irreversible phe- 
nomena and the theorem of Cl/ausius are not explicable by means 
of Lagrange’s equations.”’ In a word, the first law of thermo- 
dynamics may have some mechanical analogues, but in connec- 
tion with the second law there are no such analogues from 
mechanics. Heaviside has made a very stout effort to secure 
such analogues for electric and magnetic relations, but each 
type has ended in some irreconcilable difficulty, and therefore no 
such analogues are known. The attempts of Lodge, Boltzmann, 
and others to illustrate the electric and magnetic phenomena by 
means of mechanical pictures must always be considered under 
the reservation that they can be only partially true. 

I have thus attempted to give some idea of the battle royal be- 
tween mechanics and energetics that is now going on, and have 
indicated that the banners of mechanics are certainly drooping, 
and that their standard-bearers are weary. Whether energetics 
is to be the final victor, or whether some stronger idea will be 
discovered, remains beyond the forecast of to-day. It looks now 
as if science were fast approaching those impenetrable mysteries 
which have confronted the metaphysician and the theologian for 
centuries; it seems certain that the attempt to construct this 
universe out of pure matter and the three simple laws of force is 
a failure; it may not be improper to assert that the available en 
ergy for doing useful work is being expended and that the world’s 
supply is running down. There arises further questions: Where 
did energy spring from originally? What keeps up the supply, if 
itis now running down? What is to be the final state of things 
when the supply has gone? If the universe in its physical 
processes is really exhausting itself, what is this theory of evolu- 
tion by which it is claimed that some combinations of energy, 
animal and human life, organic life, is coming up? Is inorganic 
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life running down, and is organic life coming up? If this is so, 
what is the difference? In fact, what is life? Is mechanics des- 
tined to give place to energetics, and is energy finally to become 
tributary to the science of life whose first law has not yet been 
discovered? If not this, what is the true hierarchy in the ex- 
istences, and does the pathway lead up from man and his little 
spark of life to some immense oversoul, and is that life the sub- 
stance of the temporary phenomena we call this world ? 


THE ORBIT OF 4 15. 
H. I EVANS 


FoR POPULAR ASTRONOMY 

This close pair was discovered by Dembowski in 1869, and 
since that time the position angle has apparently changed 
through an angle of about 165°. The following observations 
have been plotted to scale in the diagram: 


1870 44 5n Dembowski 
1876.54 = 
1876.58 _ 
1877.44 Sp6rer 
1881.42 3n Burnham 
1893.51 2n Leavenworth 
1895.26 3n Barnard 
1896.46 4n Leavenworth 
1897.36 4n Aitken 
1897.74 3n E. Doolittle 
1899.28 on E. Doolittle 


The observations are not discordant, but are not favorably ar- 
ranged. On this account and also on account of the smallness 
of the change in position angle, an exceedingly small amount of 
accuracy can be expected to accompany any attempt at an in- 
vestigation of the orbit. Nevertheless some idea of the motion 
may be thus obtaired. A discussion of the observations by the 
method of Kowalsky led to the following results : 


P 109” 
7 1897 8 
a i” 24 
e 05 
} 157 

i 72 

A 201 


The apparent ellipse due to these elements has been plotted on 
the diagram. The closeness with which it fits the observed posi- 
tions is mainly due to the small number of the latter. A better 
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idea of the agreement of this orbit with the observations can be 
obtained from the differences between 'the observed and com- 
puted position angles. All but four of these are less than one 
degree. 

A reduction of the observations by the method of Klinkerfiiss 
gave about the same position elements but a period of less than 
half that given above. Whether the above elements represent in 
any way the true orbit, can not be told for some time. If there 
is any accuracy in them, it is evident that observations at the 
present time will be very valuable in determining it 

FLOWER OBSERVATORY, 

May 16, 1899 


A POPULAR ASTRONOMICAL OBSERVATORY. 


GEORGE I! I ISDE? 


The expediency of establishing and maintaining a popular as 
tronomical Observatory at Toronto, is a subject which may be 
discussed under two heads, arranged as questions 

‘Of what may a popular Observatory consist ?”’ and 

‘‘ How may such an Observatory be acquired and maintained?”’ 

We shall simplify matters if we clear the ground by stating ° 
that a popular Observatory to be a success must be intended for 
instruction only and not for research, at least not for research 
that demands very powerful telescopic assistance. Except in cer- 
tain branches, original research may be left to great refractors 
and reflectors, remote from the smoke and heat of cities, the 
glare of electric lights, and the vibratians of rushing trains 
Large instruments are sadly out of place in the immediate neigh- 
borhood of cities, and are useless for the purposes of popular in 
struction. At seats of learning fully equipped for astronomical 
observation, the practical, every-day work is done with tele 
scopes of moderate aperture, though more powerful instruments 
be available. 

Every astronomical observer finds himself beset by two classes 
of local conditions, which must be taken into account: meteoro 
logical and atmospherical. The former class has to do with the 
clearness of the skies; the latter with the steadiness of the air. 
The one may keep the Observatory closed, the other, to a greater 
or less degree, may interfere with sharpness of definition. 


* From the Publications of the Astronomical and 


Physical Society of 
Toronto. 
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If the meteorological conditions at Toronto were such that 
telescopes could be used every night, one might be able to be 
more patient under the pressure of a demand in certain quarters 
for large instruments. But the records of the Observatory show 
that, in every year, the percentage of cloudy skies at Toronto is 
always greater than the percentage of clear skies. In 1896, the 
last year reported, there were but three months in which the 
clear weather was even slightly, if at all, in excess. The average 
of cloudiness in 1896 was 60 per cent.; in 1895, 57 per cent.; in 
1894, 60 per cent.; in 1893, 59 per cent.; in 1892, 61 per cent.; in 
1891, 59 per cent.; in 1890,62 per cent. The average for the past 
forty-three years was 61 per cent., so that 1896 was not a very 
bad year. During that year, however, 55 days were entirely 
clouded, and, of the 365, there were only 74 which could be re- 
ported ‘‘fair,”’ a term which does not indicate that the skies were 
evenclear. If, therefore, we are to make the most of our oppor- 
tunities, we must have recourse to small telescopes, which are 
less exacting as to atmospherical conditions, and can be used 
during nights when, by reason of haze, cloudiness and air-cur- 
rents, large instruments must perforce stand uncovered in their 
domes. 

The atmosphere is ever in a state of unrest.” Terrestrial ob- 
jects radiate heat, which rises in waves and floats with the wind. 
Vapors and air-currents possess peculiar properties of refraction. 
By them, celestial objects are distorted. Outlines suffer from tre- 
mors and a rippling effect technically known as “‘ boiling.’”’ The 
larger the telescope the more are these atmospherical disturb- 
ances magnified and exagyerated. When preseat even in a slight 
degree, they are troublesome. When pronounced and persistent, 
the only value of great light-gathering power is counterbalanced, 
if not destroyed. Images must be well defined; mere brightness 
counts for nothing. Large telescopes are invariably designed for 
the discovery of unknown orbs. But obstacles of a grave nature 
too frequently confront the observers who use them. The com- 
paratively tranquil and sharply defined images seen in small in- 
struments are not present in very large ones. Objects are much 
more brilliant, but are involved in glare, and subject to constant 
agitation. The finer details are often obliterated. Another seri- 
ous difficulty is due to the flexure, or ‘‘sagging,"’ of the heavy 
discs forming the object-glasses or mirrors of great telescopes. 
For these reasons, there have been many failures. The list of 


* See, generally, ‘‘ Telescopic Work for Starlight Evenings,” by W. F. Den- 
ning, F. R. A.S., p. 20, et seq. 
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‘disappointments ”’ includes the Lord Rosse 6 and 3-feet reflect- 
ors, which, owing to the climate, can be used ‘at their best”’ 
only during a few hours annually, and the 4-foot Paris reflector, 
which, on the average, can be emploved advantageously not 


more than one night in the year. The Herschel 4-foot, the Las- 


sell 4-foot, and the Melbourne 4-foot reflectors, and the Vienna 
27-inch, the Leander McCormack 26-inch, the Washington 26- 
inch, the Gateshead 24-inch, the Princeton 23-inch, and the Nice 
30-inch refractors have not, by any means, realized anticipations. 
Usually, observers with these instruments are conscious that the 
advantage gained in light has been lost in definition. On rare 
occasions, perhaps once in fifty times, results are different. The 
atmosphere is approximately at rest. Objects are sharply de- 
fined, as in smaller telescopes. The astronomer realizes that his 
instrument, though generally ineffective, is itself not at fault, and 
that it would do valuable work were the conditions of the air al- 
ways, or more often, suited to the exercise of its full powers. Dr. 
Kitchener, after testing 51 instruments, held the opinion that 
large telescopes were as useful as the enormous spectacles sus- 
pended over the doors of opticians, and asked, ‘‘ What good can 


a great deal of bad light do’”’ His conclusion was that ama- 


teurs of astronomy should seek perfect, rather than large tele- 
scopes. Professor Young, of Princeton, who has charge of the 
great refractor of the University, probably said for large instru- 
ments as much as could be safely said, when he wrote: ‘I can 
almost always see with the 23-inch everything I see with the 914- 
inch under the same atmospheric conditions, and see it better; if 


the seeing is bad, only a little better, if good, immensely better.” 


During the spring of 1885, Young, while observing with the 23- 
inch, was able only twice to use on Jupiter a power of 1,200 di 
ameters, but he then succeeded in detecting delicate details in and 
near the Great Red Spot, and in seeing the true forms of certain 
white dots on the belts of the planet. 


In perfect air his telescope 
should easily bear 


a power of 100 to the inch of aperture, or a 
power in excess of, at least, 2,000, but, ordinarily, a much lower 
power than 1,200 must be employed. It is this absence, at most 
places, of proper atmospheric conditions which has driven sev- 
eral Observatories to mountain heights, where the air is always 
pure and often free from cloud and vapor. Harvard College, 
which possesses the most complete Observatory in the world, has 
a branch in the mountains of Peru. The Percival Lowell Obser- 
vatory, at Flagstaff, Arizona, and the Swift Observatory in 
Southern California, are two others which claim to possess the 
advantages of clear mountain air 
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Small instruments have done a vast amount of useful work in 
every field of astronomical observation. Even as to nebulae, 
which require great space penetrating power, D’Arrest shewed 
what small apertures can accomplish. Every department is in- 
debted, more or less, to common telescopes. Their good work is 
due to the efficiency with which they can be used despite condi- 
tions that very often render great instruments valueless. Nearly 
all the comets and double-stars were discovered with them. 
With the exceptions of the discovery of the moons of Mars, the 
fifth satellite of Jupiter and the motion of nebulz in the line of 
sight, very little that is noteworthy, can, of late years, be cred- 
ited to great telescopes. Herschel said that an object may be 
seen with less optical power than was required for its discovery. 
And this is true. Only after a long and arduous search, which 
would have been given up but for his wife, was Hall able to 
satisfy himself that Mars has two moons, though he employed 
the 26-inch telescope of the Washington Naval Observatory, the 
largest refractor then in existence. These moons, which had es- 
caped Herschel with his 4-foot reflector, are now comparatively 
easy objects in a good 7-inch refractor. After a prolonged search, 
Barnard, using the 36-inch Lick telescope, espied the fifth satel- 
lite of Jupiter, but, once discovered, the Moon was found to be 
visible in much smaller telescopes, including the 18-inch at the 
Dearborn Observatory, Chicago. Burnham’s glory, as a dis- 
coverer of difficult double-stars, will be associated, not so much 
with the 36-inch at Lick Observatory, as with the 6-inch tele- 
scope with which, as an amateur, he whiled away his evenings, 
and with which he made discoveries which astonished observers 
with better facilities. Langley with a 13-inch made his reputa- 
tion as a solar observer, and Dawes, one of the most successful 
amateurs in England, never used a telescope larger than 8-inches 
in diameter, and usually employed a 4-inch. Schiaparelli, with a 
9-inch, discovered the ‘‘canals’’ of Mars, which some very reput- 
able observers cannot see with telescopes two or three times as 
great in aperture. Satisfy all the conditions as to time, place, 
position and readiness she demands, and the first-class battle- 
ship becomes a terrible engine of destruction, but under average 
conditions, the trim cruiser can fight all around her, and go 
where she dare not. At Alexandria, Admiral Seymour, on his 
flag-ship, was compelled to stand off in deep water, while 
Charley Berresford, on the Condor, ran in shore, silenced the 
batteries, and did effective work. Satisfy all the conditions as 
to sky and air that it demands, and the giant telescope becomes 
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a powerful accessory of the astronomer, but instruments of one- 
half, or even one-third of its size can, under average conditions, 
do effective work while it must stand idly by 

An Observatory which would answer very perfectly the popu- 
lar purposes in view, may, in the writer’s opinion, consist of a 
low, rectangular frame building, equipped with several telescopes 
of moderate aperture. So far as a building is concerned, all that 
is absolutely required is a structure which will protect instru- 
ments from weather and from dampness. There can scarcely be 
a greater mistake than that of mounting a telescope in a small 
building of heavy stone, or brick. It is impossible to maintain 
the temperature inside and the temperature outside of such an 
Observatory at the same height, an indispensable requisite, if 
the telescope is to give satisfactory definition, at least, as soon 
as it is placed in use. Except on account of dampness, which 
has a tendency to rust its polished metal parts, it would be best 
to leave every telescope out of doors, because then the tempera- 
ture of the air and of the telescope would always be uniform, 
This uniformity allows the instant use of an instrument at any 
favorable moment. As is well known, glass quickly responds to 
changes of temperature, expanding under the influence of heat 
and contracting under that of cold. Owners of dome-protected 
telescopes, after uncovering them, 


re compelled to wait, often 
through annoying intervals, until the various lenses have 
sufficiently to enable them to recover their true 


i 


cooled 
forms and give 


the best results. Some astronomers allow their telescopes no 


other protection than convas affords. Others do not hesitate to 
leave their instruments in the open alr, ul protected Save by a 
heavy coat of paint. Under ordinary circumstances, the tempet 


iture within a stone or brick Observate is some degrees, and 


in warm weather many degrees, higher than the t 


< temperature 
yutside. When the shutters of the dome are opened, counter ait 
currents are set up, as a matter of cours While these continue 
fine definition is simply impossible of attainment—even if the op 
tical parts are in a normal conditior The ditheulty in this 


respect, is further increased if a telescope, as is often the case, be 
perched in the top of a tower with an inner stairway leading to 
it 

A low frame building can be made roomy, cool and convenient. 
Ingress and egress would be easy; there would be no stairs to 
climb and visitors, as well as observers, could move about freely 
and with comfort. If sufficiently large, the building could, with- 
out much additional expense, be made to provide necessary 
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rooms and even a public hall for small audiences. A rectangular 
structure would furnish corner spaces for four domes, under 
which could be set up at once, if funds allowed, one first-class re- 
fractor of, say, eight or ten inches aperture for solar and stellar 
work. and two first-rate reflectors of, say, fifteen or twenty 
inches aperature, for lunar, planetary and photographic work, 
the remaining dome to be reserved for a transit instrument. 
Great Observatories are exceedingly expensive to erect, equip 
and maintain. Each of them swallows up several average for- 
tunes. On the other hand, it is possible to erect, equip and main- 
tain a popular Observatory at a cost which, comparatively 
speaking, would be a mere bagatelle. For instance, a first-class 
Brashear or Alvan Clark 8-inch refractor can be bought for $2,- 
600; a 10-inch for $3,300, and a 12-inch fer $6,000. A Brashear 
reflector, of the highest quality, and 121 inches in aperture, 
would cost $1,550; a 15’ inch, $2,000, and a 20-inch, say, 
$3,000. Its mounting is very often a very expensive part of a 
telescope, especially if it be of moderate size; this is always true 
if the instrument is provided with circles engraved on silver, and 
with other, partly necessary and partly luxurious, conveniences. 
For a popular Observatory, great refinement of equipment is 
not really needed. If omitted from the instruments mentioned, 
their respective prices would be materially reduced. A 3-inch 
transit would cost $1,000, a chronograph $400, and necessary 
clocks $500 more. To these could be added a photographic- 
doublet, costing about $350, and a spectroscope costing some- 
what less. If a site could be secured, $10,000, certainly less 
than $12,000, would be a sum sufficient to put up the building 
and set in working order by far the best popular astronomical 
Observatory on the continent. If arrangements could be effected 
by which such an Observatory would be taken over by one of 
the Universities as some return for its use for the purposes of in- 
struction, the maintenance need be of small cost, as the director, 
himself a professor, could derive ample assistance from his staff 
and students. 

The writer’s view has been that, from the standpoint of the 
public interest, it is better to expend a comparatively large sum 
upon several instruments of small aperture than upon a single 
instrument of large aperture. This he knows is, popularly 
speaking, the view of a heretic. But for the information of those 
who, in good faith, differ from him, he must add that the cost 
of large telescopes, whether refractors or reflectors, grows by 
leaps and bounds as aperture is increased. For instance, as has 
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been shown, a complete 12-inch refractor may be purchased for 
$6,000, yet the 36-inch glass discs for the Lick telescope, alone 


and unmounted, had cost $50,000 before they left the workshop; 


the incidentals connected with the mounting and housing of the 
telescope were all extra, and have absorbed nearly $700,000 
Reflecting telescopes are, relatively, very much cheaper. The 20- 


inch reflector, already referred to, would cost $3,000, and, all 


things being equal, would be an instrument superior to the 12- 


inch refractor costing $6,000, a sum that would itself go a long 
way towards paying for a 30-inch reflector, which, when the 
elements permitted, would do superb work, and would bring to 
Toronto, even as a matter of possession only, credit and re 
nown. The mounting and housing of these instruments would 
require additional expenditures of money on a scale rapidly in 
creasing in proportion to size of aperture, but still moderate as 
compared with those of refractors. On the ground, among 
others, of expediency, the writer has consulted several directors 
whose testimony cannot be questioned, some of them having 
or having had, charge of telescopes of the largest size and of the 
highest excellence. These gentlemen all agree that for usefulness 
and, certainly, for the purposes of instruction and popular work, 
an Observatory similar to the one above described is undoubt 
edly best. Dr. Keeler, the eminent spectroscopist, now director 
of, and for the second time connected with, the Lick Observa 
tory, writes as follows:—*‘ My experience with visitors is that 
they prefer one large telescope to a number of small ones. They 
may see better with the latter, but it is the size which attracts 
and satisfies them. Perhaps it is not worth while to humor a 
notion having so mistaken a basis.’”’ Dr. Keeler may have been 
reflecting upon scenes said to be witnessed on Saturday nights 
at Lick Observatory and described some years ago by Mrs. 
Proctor, who has counted as many as two hundred persons 
waiting their turn to look into the great telescope. One min- 
ute’s time only was allowed to each visitor. Without practice, 
this is an opportunity certain to be wasted. Unless one knows 
what to look for and how to look for it in a telescope, little can 
be done in one minute. Dr. Holden and his assistants endeavored 
to reduce to a minimum the disappointment often felt by visi 
tors, but after the trials attending a long drive over a mountain 
road, and an enforced return at night by stage to hotels fourteen 
miles from the Observatory, the disenchantment in cases, must 
have been complete. A gentleman, who was no astronomer, but 
who had been induced by curiosity to make the long journey to 











314 A Popular Astronomical Observatory. 





Mount Hamilton, told the writer that on one of these occasions 
all he was able to see was ‘‘the planet Mars shining like a red- 
hot plate.”’ But how different was the result under other cir- 
cumstances—the crowd being away, the conditions being good, 
and the time of the observer being at his own disposal! Mr. 
Serviss, the author of that charming book, ‘‘ Astronomy with an 
Opera Glass,”’ has described to the writer the delight he experi- 
enced when, in company with Professor Barnard, he was _ per- 
mitted to observe, at his leisure, and with the great telescope, 
the fifth satellite of Jupiter, an object up to that time, December, 
1893, seen, perhaps, by less than a dozen human beings. 

So much as to what a popular Observatory may be, and now 
as to the sources from which to provide for and maintain such 
an Observatory. 

There are various sources. There is the general public. There 
is private munificence. There are our universities, which are 
teaching institutions of which much is expected, and which 
might take up the matter wholly, or in part with the assistance 
of the public, a society, or a company, or, as is the most popular 
way in the United States, of money supphed by wealthy men dé 
sirous to assist in disseminating useful knowledge among thei 
less tavored fellow citizens. The ideal public Observatory would 
be an Observatory equipped and maintained as the public library 


is equipped and maintained, that is, at the public charge, so that 


every ratepayver, under certain conditions, might enjoy equal 
rights of admission, if he chose to exercise them. This sugges 
tion may seem to be odd, but such a suggestion will not always 
be odd. The day may not be far distant when even Legislatures 
will authorize, if not require, school boards to provide astro 
nomical instruction for the voung. There can be no harm, at 

in permissive legislation, similar to that respecting libra 
ies. The cost distributed over a municipality would be very in 
onsiderable, while the benefits to be derived would be very con 
iderable The day has come when no seat of learning, certainly 


no university, or college worthy of the name, can afford to treat 


istronomy and the physics related to astronomy with disdain, 
real or affected, or to remain unable to gratify students who 
take, or could be induced to take, an intelligent, practical inter 
est in the science, but who are deprived of work at the telescope, 
the charm of which is beyond expression. No man can boast a 
liberal education and, at the same time, be ignorant of the fund- 
amental principles of astronomy, a science whose influence, espe- 
cially, on its practical or observational side, has a wholesome, 
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animating, and elevating tendency. As years pass, more and 
more time is devoted in Europe and in the United States to this 
subject, not that every man shall be an astronomer, but that he 
shall have the opportunity, if he choose, to make some acquain- 
tance with the science. The apathy in this respect now marking 
educational institutions in Canada was once but too apparent in 
the United States. In 1825 John Quincy Adams was ridiculed in 
Congress for urging that a national Observatory be founded. In 
1832 Airy told the British Association that, so far as he knew, 
there was not one Observatory in the Republic. Airy’s remark, 
however, was not without effect. Ormsby Macknight Mitchell, 
then professor of mathematics and astronomy in Cincinnati Col 
lege, it is true, partially for the purpose of increasing his own in 
] 


formation, prepared and delivered a course of lectures which cre 


ated sufficient local enthusiasm to bring into existence the Astro 
nomical Society of Cincinnati, which, in a few years, numbered 
SOO members. Out of the pioneers, M’tchell t the verv start 
formed a joint stock company wit] pital of $7,500 Chis 
umount was subscribed in thre eel tchell was sent to 
Europe for a tel ope to st $ g ‘ tl 12 
nches in apertut it iS this 1 el 
Che instrumet s eventt \ 
ner-stone was db M1 d 
or nd as st publi 
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ears ten Ob ories | ‘ RRO 
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Now there may be 200, three then t 1 n 
the face of the Earth Airy 's pt : unihcence Nn 
as it was in 1832, led to that munif being exceeded one 
hundred fold in America. An enormous impetus and popularity 
were, by these means, given to the study of astronomy every 


giving lavishly of 


their money for equipping Observatories, for teaching the science 


where. Even women have vied with me¢ 


in schools and for assisting in sending out scientific expeditions. 
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Several practical schemes, each differing a little from the other 
in the principle which has been worked out, may be here men- 
tioned. 

Returning for a moment to the Cincinnati Observatory, it may 
be stated that after languishing during the Civil War, Cleveland 
Abbé became its director. In the meantime, the city had en- 
croached upon the Observatory, and, a gentleman having come 
forward with the offer of a new site and $10,000 for a_ building, 
the proceeds of the old site, which was sold, were devoted to en- 
dowing a School of Art and Design in connection with the uni- 
versity, the city, as a condition of the gift, agreeing to sustain 
the Observatory, which was also attached to the university. 
The State Legislature passed an Act requiring the Board of Edu- 
sation to assess and levy annually on the taxable property of 
the city not less than three-one-hundredths, nor more than five- 
one-hundredths, of a mill, a levy which, at the lower rate, 
though infinitesimal, yields annually about $5,000, a sum which 
has answered every necessary purpose. In a letter to the writer 
of this paper, the present director says the Observatory is now 
an inregral portion of the educational system of the city, and, in 
reply to an inquiry as to the method by which the Observatory 
is conducted, adds: ‘‘Our present plan, which works well, is to 
admit visitors on twelve evenings in each month, these being se- 
lected by the director and furnished to the university office. 
Tickets are then issued gratis by the clerk to any one applying 
up to twenty for each evening. Sometimes the whole number 
will be taken for a single party, but more often two or three 
smaller parties are admitted on the same night. As nearly every 
one wishes to see the Moon, the public evenings are chosen from 
a couple of days after New Moon or Full Moon. There is no 
provision for school children, but the classes in astronomy from 
the different schools often obtain permits and come under the 
same regulations as other parties. I havea special assistant to 
take charge of this work. Of course, students who take as- 
tronomy in the university, have a little more freedom and have 
the theory and the uses of all the instruments explained to them. 
The public understand that the main object of the Observatory 
isscientific research and that no privileges are granted which will 
seriously interfere with this.” Here we have worked out the 
principle of the State recognizing an astronomical Observatory 
as on integral portion of the educational system of a city similar 
to Toronto in many respects. 

Take another instance, that of the Chabot Observatory at 
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Oakland, California. This ideal public and educational institu- 
tion, the result of private munificence wisely directed, has re- 
cently become a worthy monument to the memory of a worthy 
citizen. Twelve years ago, Mr. Anthony Cabot, a wealthy resi- 
dent of Oakland, a small city, was induced by several gentlemen, 
including the school inspector, to found a popular Observatory 


which, on completion, was presented to the School Board in 


trust for the city and was directed to be used to educate the gen- 
eral public and the pupils in the public schools. In 1892, M1 
Chabot was so pleased with the results of his gift that he do- 
nated a further sum, in all about $25,000, in order that the Ob- 


servatory might be rebuilt and improved. The frame building 


which was erected, in addition to other necessary apartments, 
includes a lecture-room, 20 by 30 feet in size. The equipment 
consists of an 8-inch Clark telescope, with micrometer and spec- 
troscope, a mean-time clock, a sidereal clock, sidereal break- 
circuit chronograph, a 4-inch transit, a complete set of meteoro- 
logica! instruments, and a seismograph for determining the di- 
rection and intensity of earthquakes. The lecture-room is fitted 
up with folding opera-chairs and table-rests, and two lanterns 
for the projection on screens of spectra and of slides. The rules 
governing the Observatory are as simple as possible. Mondays 
and Tuesdays are set apart for high and grammar school pupils, 
Fridays for observations, and the remainder of the week for vis- 
itors and private schools. Admission is by card obtained frem 
the school inspector, who is also the director, a happy combina- 
tion which exists in another and much larger American city. The 
public attendance increased from 1,644 in 1886, to 2,240 in 
1892, the year of re-building, since which event it has been found 
to be impossible to keep an accurate record, but the estimated 
annual attendance is not less than 5,000 

Take, from many which could be cited, another case where in- 
telligent generosity has asserted itself to some purpose, that of 
the Smith Observatory, Geneva, New York, the director of which 
is the famous discoverer of comets, Professor W. R. Brooks. 
In this instance, a retired capitalist, desiring to do something for 
his fellows, erected, in his spacious grounds, a residence for his 
director, and an observatory in which he mounted a 10-inch 
Clark telescope, a 4-inch transit, the necessary clocks, ete. Mr. 
Smith’s purpose in erecting the Observatory was announced to 
be ‘‘the increased and diffusion of astronomical knowledge.”’ 
Hence, the public is welcomed every clear night, and all-comers 
are instructed by Mr. Brooks, who shows them fine views of 
celestial objects. Visitors come from Geneva itself, from the sur- 
rounding towns, and from all parts of the country, and, as 
Professor Brooks says in a communication to the writer of this 
paper, ‘‘ freely express their thanks and appreciation for the rare 
privileges afforded them.’’ Illustrated lectures are given to the 
public and to the schools. 

(TO BE CONTINUED. ) 














318 Spectroscopic Notes. 


SPECTROSCOPIC NOTES. 


Mr. T. E. Espin publishes in Astronomishe Nachrichten, No. 3559, in continu- 
ation of his previous work on the subject, a list of about 70 ‘stars with remark- 
able spectra.’ The present stars are in point of brightness well toward the lower 
limit of the Bonn Durchmusterung, and Mr. Espin remarks that the fainter stars 
were difficult to observe in his 17-inch mirror. Nearly all are of the third type, 
two or three of the fourth type, and one or two anomalous 


In response to the statements of Mr. Evershed and of Mr. Wright and Prof. 


Campbell that the position of the H6 line of hydrogen in the Sun's spectrum as 


published by Prof. Rowland seemed to be in error by about 0.1 Angstrom unit, 


Mr. Jewell states in the Astrophysical Journal for April that on account of the 


character of the spectrum in the neighborhood of the line the position of the line 


depends to a slight degree on the assun ption made with regard to its intensity 


Miss Clerke in an interesting contribution to the Observatory for April col- 


lates some recent results of the study of the spectrum of o Ceti (Mira). In _par- 


ticular she points out that the bright lines ot iron detected by Professor Camp- 
bell during the maximum of the star in 1898 do not appear on the photographs 
of the spectrum taken at Potsdam in 1896 and at Stonyhurst in 1897. As the 
star at these maxima was noticeably fainter than at the last maximum (about 
magnitude 4+ in 1896, against magnitude 2.6 in 1898) it would seem that the 
character of the spectrum of the star at any maximum depends on the bright- 


ness of the star at that maximum. 


e 
In a short note to the Observatory, April, pointing out the misleading char- 
acter of a statement in a previous number of the same periodical, 


Keeler states that it is the experience of the Lick observers in their measure- 


Professor 


ments of motion of nebulz in the line of sizht that the results from visual obser- 
vations vary not more than 3 kilometers (2 miles) per second for different ob- 


servers, and the results from photographs not more than a fraction of a km 


| Ss 


per sec. 


The Astrophysical Journal for April contains a discussion of the spectrum of 
the very rare metal, Gallium, and its presence in the Sun and in meteorites. Pro- 


fessors Hartley and Ramage, finding Gallium to be a constituent of a variety o 


minerals, were led to test for its presence in the Sun. and in their paper entitled 
t 


‘A determination of the wave-lengths of the principal lines in the spectrum of 
Gallium, showing their identity with two lines in the solar spectrum’ the evidence 


of the presence of Gallium in the Sun would seem to be established conclusively 


In examining meteorites they found that Gallium is present in one only of the si- 
derolites examined; but is a constituent of all the iron meteorites, in varying pro- 
portion. Dr. Jewell, commenting on these results, states that Professor Row- 
land, when photographing the spectra of the metals, could secure no specimen of 
Gallium, either the metal or a salt. On examination ot the spectrum plates, 
the two Gallium lines were found prominently on the aluminium and lead plates, 
and faintly on the silver plates and some of the plates of iron. The exact co™ 
incidence of the two lines with solar lines was confirmed. Dr. Jewell’s observa- 
tions of some meteorites were largely confirmatory. 
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In editing the series of ‘‘Harper’s Scientific Memoirs 


which he has re- 
cently undertaken, Professor Ames does much for 


the diffusion of scientif in 
formation of the highest type by reprinting important iginal publications 
otherwise inaccessible except to a few, in accurate but ensive and t 
form. No.2 of the series, entitled ‘‘ Prismatic and Di Specti ol 
let of 68 octavo pages is particularly welcome, cont ng as it de 
lation of some of Fraunhofer’s classic an ert 
naccessible,—on the discovery of the lines the s h 
bear his name, and on the classification of t t [ ! 
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Maxima and Minima of Long Period Variables 


1899 AUGUST 


MAXIMA MAXIMA, Con’t 
Mag Aug Mag Aug. 

£01 U Sculptoris 8.7 29 7234 R Capricorni 8.8 14 
* 494 KR Sculptoris 5.7 24 7379 ST Cygni 9 1 

845 R Ceti t.8 18 7404 R Microscopii 8 31 

980 V Persei* 7.9 a! 7450 V Aquarii 8.1 13 
1222 R Persei tak yb | 7456 RR Cygni 8.1 24 
2690 X Puppis S 30 7896 V Pegasi 8.2 19 
2742 S Geminorum 8.2 25 7907 U Aquarii 9.5 10 
3477 R Leonis minoris 6.1 18 7909 S Piscis Aust 8.7 17 
3825 R Ursae Majoris 6.0 9 8597 V Ceti 8.5 31 
1826 R Hydrae 1.0 S . 
5583 X Librae 9 = MINIMA 
560L S$ Ursae minoris 7.4 28 466 U Piscium 15 26 
5752 RZ Scorpii 9 6 782. KR Arietis 13.0 14 
5856 W Ophiuchi 8.9 31 2946 R Cancri ie | 20 
6170 RW Scorpti 9.4 16 3994 S Leonis 13 29 
6225 RS Herculis S 25 5887 V Ophiuchi 10.5 5 
6449 T Draconis 8.2 12 5889 U Herculis 12.7 
7O85 RT Cygni 7.0 31 7659 T Capricorni 13.5 14 

SEPTEMBER 
MAXIMA MAXIMA, Con't 
Ma Se Mag Sept 

112 R Andromedae 5.6 26 5931 S Ophiuchi 8.3 28 
267 V Andromedae 8.8 23 6899 U Draconis 90 13 
806 o Ceti (Mira) er 2 6903 T Sagittarii 7.6 22 
1577 R Tauri 7.4 14 6905 R Sagittarii 7.0 12 
1717 VY Tauri 8.3 18 7139 RR Sagittarii 75 6 
2478 R Lvyncis 7.8 d 7468 T Aquarii 6.7 28 
2530 V Canis minoris 10.3 8 7783 RU Cvgni 7.5 18 
2976 V Cancri 68 10 79$9 X Aquarii 83 22 
3128 R Pyxidis 8 2 8373 S Pegasi 7.3 12 
4471 T Canum Ven. 86 3 . 
4896 T Centauri 5.9 6 MINIMA. 
4940 W Hydrae 6.7 3 4492 Y Virginis 13 23 
5070 Z Virginis 95 12 4596 U Virginis 128 5 
5494 S Librae 76 15 5157 S Bootis 13 2 14 
5677 R Serpentis 5.6 9 5190 R Camelopard 13.5 27 
5761 Z Seorpii 9.0 14 6682 X Ophiuchi 9.0 18 
5776 X Seorpii 10 23 7560 Kk Vulpeculae 13.6 14. 


The dates in the above list are taken from Dr. Hartwig’s ephemeris in the 
Vierteljahrsschrift except for the Algol-type stars RS Sagittarii and DM + 12°,- 
3557, which were computed from Chandler’s and Sawyer’s elements in the As- 
tronomical Journal. 

As PopuLarR AsTRONOMY is not published in July, the ephemeris is given in 
this number tor two months. 

BARNARD'S NEW VARIABLE IN AQUARIUS. This was discovered by 
Professor Barnard while measuring the position of the new planet Eros with the 
40-inch Yerkes telescope. The star is SDM.—4°,5381 and its magnitude is given 
as 9.8 by Schénfeld. In Astronomical Journal, No. 456, Professor Barnard gives 
details of the discovery and photographic magnitudes determined at the Harvard 
College Observatory since 1890. 


* Note to V Persei, in the Long Period list. This star is called W Persei in 
Hart wig's list. 
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The position is 


























R.A. 21° 3" 22°.7 Dec t° $7’ .4 1855 
5 43.1 °6 .6. (1900 
The square chart, on the scale of the SDM, gives the stars from 8" to 10™ 
within 1° of the variable. Examples of Schénfeld’s magnitudes are 
A am () 
D ) 
a J 
The circular chart on a larger scale gives the fiele ing these three stars 
and the variable, with such of the neighboring stars as are needed for identifica 
tion, down to about 13”. On this chart the arrow shows the path of Eros 
across the field 1898 Nov. 7, when its daily mot ut he diameter 
of the field. This path is located by means of Berhet s ephemeris in No. 3520 
of the Nachrichten, including Cerulli’s correction piven No. 3527 
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Professor Barnard found the variable about 12™ 1898 Nov. 7, after which it 


increased to 9".7 by Dec. 8, his last evening observation. I followed it in the 
evening sky till 1899, Jan. 14, finding a further increase of three or four-tenths of 
a magnitude. So far it has been too faint to be seen in the morning sky, my ob 


served dates and limits being 


1899 Mar. 22, 9*.6 

Apr. 4,< 10 .6 

16, 11 .6 

. m, <i 2B 


Probably it will soon be visible, as the photographic observations indicate a 
period of about 150 days. 

NEW OBSERVATORY IN ALTENBURG, GERMANY. Dr. Friedrich Kriiger, 
the Director, has lately issued a pamphlet describing the equipment and work of 
this Ubservatory, with illustrations of the buildings and instruments. As part 
of the work will be the photometric observation of variables and their compari- 
son stars, the instrument which he will use, a wedge photometer, will be of inter- 
est in this connection. It consists essentially of a thin wedge of neutral tinted 


glass, 70™™" long, movable across the field of view by a pinion whose head is 
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shown above the middle of the box. The light of the star is determined by the 
thickness of the wedge which it can penetrate, and the measurement consists in 
noting the position of the wedge just as the star is extinguished. This position 
can be read by the pointer which slides along the millimeter scale shown at the 
top of the box, or recorded by the registering device under the box. The arm 
shown is connected with the wedge frame and slides back and forth with it, car- 
rying a sharp point by which a puncture can be made on the roll of paper which 
passes over the pair of cylinders. Afver a series of observations the paper is un- 
rolled from the cylinders and the distances of the punctures from the left-hand 
edge of the paper, are read off by the aid of a millimeter scale, thus giving the 
position of the wedge at the corresponding observations. The buttons on each 


side of the ocular at the end of a slot, served to move in or out of the field of 


view a plate of inetal with a small slit opening in which the image of the star is 
kept, thus making sure that the scale readings are not vitiated by accidental 
movements of the star image 

The wedge photometer is the simplest instrument for measuring magnitudes. 
The accuracy attainable with it is shown by the excellence of Professor Pritch- 
ard’s photometric catalogue, the ‘“ Uranometria N »va Oxoniensis.”” The wedge 
can be calibrated by observations of standard stars whose magnitudes are 
known. There are two disadvantages attending its use. First, the work is 
very trying to the eye from the effort of determining the point of extinction of 
the star image. Second, the wedge cuts down the illumination of the field by 
sky light, and cuts it down in a different degree for stars of different magnitude 


as the observations are made at different points on the wedge. Thus a correc 


tion is required the amount ot which it is not easy to determine with accuracy 


& wali =B, 


— 








The photometer shown in the cut was made by Hans Heele in Berlin. 

UGEMINORUM. It is again a coincidence that the two stars of this type 
are bright at the same time. SS Cygniis passing a maximum at this writing (a 
fuller report will be given later) while the maximum of U Geminorum evidently 
happened about May 5.0, as the following few observations will show— 





Bot 23) 





In the column headed ‘ Obs.’’ D stands for 
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Planet Notes. 


13™.8 P May 6.58 
1.63 10 .45 D 
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Zaccheus 


PLANET NOTES FOR JUNE 


CONSTELLATIONS AT 9 P. M., JUNE 


9.9 


10.7 
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Venus is ‘morning star”, easily seen toward the east in the morning, but far 
less conspicuous than in the early months of the year. The brightness of the 
planet decreases in the ratio of 59 to 52 during the month. 

Mars is “evening star’, passing through the cdnstellation Leo, seen toward 
the west in the early evening during June and July. The planet will be in con- 
junction with the first magnitude star Regulus, less than a degree north of the 
star on June 12. The contrast between the ruddy color of the planet and the 
bluish white of the star will readily distinguish the planet from the star. 

Jupiter is a glorious object these evenings and the visitors at our observatory 
recently have enjoyed a number of splendid views of the planet. The Great Red 
Spot is scarcely visible but the great notch in the southern temperate belt shows 
its location plainly. Jupiter is making the turn of the western end of the loop in 
Virgo (See chart in January 1899 No. of PopuLAR AsTRONOMY p 39); will be sta- 
tionary June 27, and after that time will move southeastward. Jupiter will be 
at quadrature July 24. 

Saturn will be at opposition June 11, and is to be seen best about midnight. 
This planet will be in its best position for observation during the summer 
months and is easily distinguished from the stars by its golden hue and steady 
light. It is to be found in the foot of Ophiuchus, bet ween the conspicuous constel- 
lations Scorpio and Sagittarius. So far as reported to us, no one has as yet been 
able to see the new satellite of Saturn, which was discovered by Professor Picker- 
ing upon the photographs taken at Arequipa, Peru. We hope to be informed 
soon that a visual observation has been obtained. 

Uranus is in best position for the year and may be observed about 11 P. M. in 
Scorpio, between three and four degrees southeast of the star f, and five degrees 
north and a little west of the star a (Antares). 

Neptune is behind the Sun, reaching superior conjunction June 14. 


The Moon. 


Phases. Rises. Sets. 
(Central Standard time at Northfield; 
Local Time 13m less.) 


h m h m 
june 8 New Moon.................0.. 4 35 a.M. 8 37 P.M. 
AG Piret Quarter...cc....occcooes 12 42 P.M. 12 14a.mM. 
| ae 8 22P.M. 5 ae 
29 Last Quarter.................. 11 31 P.M. 1 15Pp.mM. 


Occultations Visible at Washington. 


IMMERSION. EMERSION. 
Date Star's Magni- Washing- Angle Washing- Angle Dura- 
1899. Name tude. tonm.T. f’'mN pt. ton M.T. f'mN pt. tion. 
h m - h m . h m 
June 3 104 Piscium 7.5 14 2 109 14 42 205 0 40 
21 18 Ophiuchi 6.7 14 8 53 15 4 296 0 56 
23 v! Sagittarii 5.0 11 25 86 12 43 247 1 18 
23 vy’ Sagittarii §.1 il 5&7 82 13 16 249 1 19 
2% o Sagittarii 3.8 17 8 47 18 1 274 0 53 
28 16 Piscium 5.8 10 8 89 10 57 224 0 49 
28 19 Piscium 4.9 15 37 83 16 46 207 1 9 
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Jupiter’s Satellites for June. 


Central Standard Time 


Phases of the Eclipses of the Satellites ior an Inverting Telescope. 


7 


IV 
No Eclipse 


Configurations at9 " 30™ for an Inverting Telescope 


West 
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Phenomena of Jupiter’s Satellites. 
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EPHEMERIS OF COMET TEMPEL2 1873 II. 


[From Astronomische Nachrichten No. 3554. 


R.A. Decl. log J Br. 
oh ; , ow 
June I 19 34 17.4 3 52 50 9 79502 1.12% 
2 35 48.4 3 55 87 9.75933 
3 37. +19.0 3 55 #I0 9.75304 
} 35 49.0 4 I 30 9.77797 
5 $0 15.6 4 5 7 9.772309 1.271 
6 41 17.0 4 9 34 9.70064 
7 $3 «OL 4 14 21 9.70100 
8 4444.2 + 19 35 9-75537 
9 40 «ST'1.7 4 25 27 9.74979 1.439 
10 47, 35.5 4 31 49 9-74417 
11 19 5-4 $+ 35) 45 9.73860 
12 50 31.5 4 40 16 9.73300 
13 4 a 4 54 22 9.72755 1.625 
14 53 22.4 a; ww. 9.72207 
15 54 47.2 § 12 25 9.71662 
16 56 11.5 5 22 24 9.71121 
17 57 35-4 5 33 2 9.70535 1.529 
Is 19 55 55.9 5 44 20 9.70053 
19 20 Oo 21.9 5 50 19 9.09525 
20 I 44.5 6 8 59 9.69002 
21 2 6.7 6 22 21 9.68484 2.048 
22 4 28.5 6 36 29 9.67972 
23 5 49.5 6 51 16 9.67406 
24 7 10.7 7 “6 49 9.66966 
25 20 8 31.1 —7 23 7 9.66473 2.251 
Ephemeris of Comet 1898 VIII. 
1899 True @ True 6 log 4 Br. 
h m 5 ie) , ” 
June 2 11 68) «641.18 +.29 52 11.5 0.5495 0.17 
4 10 15.27 29 33 34.0 5544 
6 II 51.22 29 14 53-2 5593 0.16 
8 13 28.95 28 56 9.8 5641 
10 15 8.38 28 37 24.4 5688 0.15 
12 16 49.44 28 18 37.8 573 
14 18 32.00 27 59 50.0 5782 0.14 
16 20 15.97 27 4! 2.2 5828 
18 23 483 8.90 27 22 12.4 5873 0.13 
20 23 47-95 27 3 24.3 5918 
22 25 35-83 26 44 37-0 5962 0.12 
2 27 24.85 26 25 50.5 6005 
26 II 29 14.97 +26 7 5.6 0.6048 0.12 





GENERAL NOTES. 


For the last three years, this magazine has been issued every month without 
a change in the size of the volumes, only a change in the date of the beginning of 
each during that period. The object of this was to bring the date of the begin- 
ning of the volumes to come later, at the beginning of the calendar year. This 
was accomplished in January 1899. Hereafter only ten numbers will be issued 
during each calendar year. No numbers will appear for the months of July or 
September of this year. The next will be published for August. 
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We have given place elsewhere in this number to parts of two strong at 


ticles, because of their practical value. The function of criticism in the Ad- 
yancement of Science by Professor F. H. Bigelow is an article that 


« c ‘ y iver oO 
science may read with profit as a useful historical review, as well for t broad 
range of suggestion as for the actual facts cited. But more than this t iuthor 
has done nobly in setting forth clearly the real meaning and uses icisn 
properly so called. 

Popular readers and amateurs will certainly read irticle | 1 I 
Lumsden on a Popular Astronomical Observatory w nust 
answers well many common questions, about obser es stru , 
to do and things to learn that astronomers are ted to ans 
over again quite constantly The article cont s t sum 
ful information, 
A Remarkable Aurora.—On the evening of M l t 
liant aurora was observed at this point, showi 
consisted of a belt of light about five degrees wid ‘ 
to east sout st. Beginning at a point yout 2 
n the constellation of Gemini, it passed thr c 
stellation ( 1a Berenices, passed across Cor ‘ 
1 point about 20 degrees from the horizon. Neat It 
rays or streamers rapidly moving in the dire¢ 
N. W. Che rays were all directed toward a point ( ¢ 
belt moved southward, and twenty minutes after S S 
had shifted its position about fifteen degrees, pas 
es, although the rays were still directed toward 
West SUPERIOR STA NORMAL SCHOO! 
The Moon’s Secular Acceleration.—In 
secular acceleration of the Moon’s motion it seems t t \ 
to investigate the effect which a gradual decrease in t t nele 
Moon's orbit and equator would have on her orbital 1 n 
It isa well known fact that on account of the s« ar change i ) 
liquity of the ecliptic the angle between it and the e tor has fo ng tin 
been gradually diminishing, so that this angle is now about 24’ less than it was 


2,000 years ago. 


It is easily seen also that as a necessary consequence the mean angle bet weet 
the Moon’s orbit and the equator has also decreased by a like an 


sunt in the 
Same time and is still decreasing at the same rate. This comes from the fact 
that, on account of the revolution of the Moon’s nodes, the angle b 


etween her 
orbit and the equator, although constantly varying must nevertheless always 


be the same on an average, as the angle between the ecliptic and t 


1} t < ator 
any decrease therefore in the latter angle must necessarily cause a like dec ise it 
the former. 

Now, of course, in the case of a perfectly spherical planet, the fo1 f attrac 
tion on a satellite revolving around it would be the e€, no matt what ‘ 
inclination of its orbit to the equator might be, but it n be « , : 
strated that the attraction of an oblate planet su s the Earth wn te 
be is necessarily a little greater on a satellite revolvins nd it in t plane o 
its equator than it is on one revolving around it in an orbit of the 1s mes 


sions but inclined to this plane. 
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The Earth’s attraction is certainly a little greater on the Moon when she is 
over the equator than it would be on her at the same distance from the center of 
the Earth but directly over one of the poles. It follows that the Moon would 
necessarily move a little faster in an orbit directly in the plane of the equator 
than she would move in an orbit of the same dimensions at right angles to the 
equator. 

Now as the secular change in the obliquity of the ecliptic is gradually dimin- 
ishing the mean angle between the Moon's orbit and the equator, it seems to me 
that the resulting increase in the force of the Earth’s attraction on her would 
necessarily bring about a slight acceleration in ber orbit motion. Of course a 
decrease in this angle of only about 24’ in 2000 years would not cause enough 
difference in the force of the Earth’s attraction on her account in this way 
alone tor the entire acceleration observed, but it must be borne in mind that a 
part of this acceleration is caused, as La Place long ago proved, by the gradual 
decrease in the eccentricity of the Earth’s orbit, leaving only a part of it to be 
accounted for in this way by the gradual decrease in the mean angle between 
the Moon’s orbit and the equator ISAAC E. CHRISTIAN. 

OcEANa, W. Va 


A Total Eclipse of the Moon will occur on June 23. It will not be 
visible in the United States, except in the very western part, where the begin- 
ning will be noticed before the Moon sets in the morning of the 23rd. It will be 
visible generally throughout the Pacific Ocean and the continent of Asia, and 


the end will be seen in the eastern part of Africa 


riIMES OF THE PHASES. 





Greenwich M. 1 Central Standard 
rime 
W 
Mo enters pr June 2 eo 6.4 5 56.44. M 
nters sl} > ) 2Y 6 to 9 
iw lipse be s 1 52.38 7 32.8 
RAca fth 2 rm) 8% 17.9 
ipse et 3 29 »g 
\! aves $s ‘ t rod 10 Ae | 
ives per } MLD iO OE 
ude of 1.48 Mo liametet 0 
A J} tial Eclipse of the San will take place June 7 the morning of 
‘ time, | Ww 1 sible in the U1 | es It will be see n 
i uroy 1 1 \s Alaska, G ind tl region about the 
In I eclipse will | $ ifter sunrise on Sth and 
it 6™ a 
t of Por gt AST nomMyY, Dear Siu Professor See has called my at- 
ention to an erroneous statement inadvertently made in my article on Lane’s 
Fae. et the effect that Professor Peirce had “published two or three papers 
yn the subject in the Proceedings of the American Academy (Boston).’’ On refer- 
ence to Vol. XII of the Proceedings (which was not at hand when I wrote) I find 
that the communications were presented at the meetings of March 14 and April 


11, 1877, very likely orallv; and I find no evidence that they were ever printed 


C. A. YOUNG. 
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The Solar Cyclones.—The accompanying illustration represents the 
change of position noticed in the cyclonic sunspot described on page 278 of Pop- 
ULAR ASTRONOMY for May. It crossed the disk between March 25th and April 
8th and though not much beyond the average size, the tendency to vertical mo- 
tion was a feature of unusual interest 


A group of spots, observable here only on a few days, owing to cloudiness, 
were on the disk towards the latter part of March, and an interesting account of 
rapid changes within them has appeared in The Observatory for May. The pro 
digious velocity of the movements in this case, though indicating unwonted vio 
lence in a comparatively small solar storm, is scarcely an evidence of the vortical 
motion demanded by the theory of M. Faye, which would be 
produced by different rates of rotation in photospher 
group. 


the slower effect 


i ones adjacent to the 


S| O1 
March 2ott Apr 
Che spot illustrated, which appeared « ne days later, changed 
the direction of its ellipticity but a few degree lay, and otherwis« 
had little instal 


jility of form or irregul ) pt what was caused 








the etiects of foreshortening It ition on Apri 
23d, but in transit, gave no evidence of t ’ several smal 
spots appeared and disappeared in its 
Observers who have appliances s for ver 
irate measurement, are prob vi S ‘ Ss as 
he Sun's surtace ¢ u y hos weeks 1u 
riod will also be of much interest w LN 
SA RANCISCO, May 19, 1899 
Photographic Plates and the Ey« vrites i ‘ 
irchiv fur Wissenschaftliche Photographi ( I i p 
Fray methods to the exact sciences, In m 
comparison between the eye and tl lt ner points out 
that 1t is the accumulation of the et t O1LVE the piate the 1 
vantage If we look through a telescop f thi es’ aperture nd the eye 
is not tatigued, stars down to the twelftl ¢ De stinguisbed, and 
Or tnis purpose the observatior need not ( venty seco! ds. \ plate 
exposed for the same time under similar would only record stars 
lown to the sixth magnitude, and we might infer that the eye is 250 times more 
sensitive than the plate. 


From experience we know that an exposure of an hour 
has to | 


e given to a dry plate with the same telescope, if we wish to obtain a 
record of the stars we can distinguish with the eye. If we give still longer ex- 
posures, the advantage lies with the plate s astronomical exposures have 
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been made of twenty-five hours’ duration, it will be readily understood how 


great is the service photography renders to the astronomer.—The British 
Journal of Photography. 


The Rotation of Jupiter.—Mr. W. F. Hopkinson, of Williamsport, Pa. 
sends us the following ephemeris of Jupiter’s rotation, in which he places the 
prime meridian so that it passes through the ‘‘cliff’’ at the eastern end of the 
notch in the south tropical belt which now locates the position of the *‘Great Red 
Spot.” The times given are for Eastern Standard Time 





Longitude Prime Longitude Prime 
atS p.m Meridian atS P.M Meridian 
Central Central 
h m 
June 1 24 20 M June 23 5 29P.M 
2 174 24 a ay CO“ 
3 325 8 OS 25 7 -* 
} 115 26 . 
5 265 10 7 27 5s 46” 
) 6 6 2 28 uae 
7 206 29 6 26 * 
x 356 7 3 30 616 ° 
ie) 146 July 1 
10 297 9 44 2 7 So * 
11 87 ) 6 3 ; 
12 237 11 4 1 9 32 ”™ 
13 28 7 14 9 
14 178 6 
hs 328 8 53 7 7 
16 119 he) A 
37 269 10 31 9 8 41 * 
18 59 6 23 10 “s 
19 209 11 io ma 
20 0 8 OO 12 6 11 ‘ 
21 150 13 
22. 300 9 39 * 


Royal Observatory, Greenwich, England.—We have been favored by 
the Astronomer Royal, W. H. M. Christie, Greenwich Observatory, with five 
copies of Astronomical and Meterological results of that great Observatory ob- 
tained during the years 1896 and 1897. 


A Large Meteor.—It is reported that a meteor weighing twelve pounds 
fell in the town of Holmesville, Minn., a few days ago, and that it is in the pos- 
session of one O. S. Parmenter of that place. The meteor is said to have struck 
the earth with great force burying itself in hard clay to the depth of nearly two 
feet. Though we have made inquiries concerning this meteor, we are, so far, un- 
able to verify this report which appeared in local newspapers recently. 


Observing Meteors from a Balloon.—In an address delivered before the 
Astronomical and Physical Society of Toronto, Jan. 25, 1899, by Mr. Arthur 
Harvey, F. R.S.C., occurs an interesting paragraph concerning an attempt to 
observe the Leonid meteors from a balloon, no account of which has been seen 
elsewhere. “In most parts of the world only a few Leonids were noted, but one 
observation deserves especial record as showing the devotion of astronomers to 
their science, and the importance now attached to meteoric astronomy. Lest the 
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weather should balk the observers at Meudon (Paris),a balloon was provided for 
their use by the Aeronautical Society of France. Balloons are now measured by 
their cubic contents, just as ships are measured by tonnage, and this one was 
of 1,200 cubic metres, which equals 130,000 cubic feet. A Mr. Cobalzar was 
told off to take charge of the ascent, and when it was known that the heavens 
at Paris and vicinity would be overcast, Messrs. Dumontet and Hansky took 
their place in the car. They started at 2 a. M. on the 13th. The balloon had 
only risen 500 feet when it shot into a beautifully clear sky. Mr. Hansky de- 
voted himself to observing Leo, the others to the heavens at large From 2.45 
to 4.30 Mr. Hansky registered fourteen meteors, of which thirteen were in the re 
gion of the radiant. The other observers saw ten to twelve Leonids and about 


as many sporadic meteors. At dawn the aeronauts descended in a forest, and 


some damage having been done to the balloon, invelving loss of gas, they were 
debarred from repeating the observations the next which is regrettable as 
idging from the observations at Lyons, they might have seer fine display. 
here, on the night between the 13th and 14th, there were two observers, the 
irst being on duty from 8 to 12.15, the second from that time until! dawn. Mr 
Luizet saw three Leonids shoot up before the ra¢ t rose above the horizon at 
10.30 After that he noted thirty-one meteors t wi neteen were Leonids 
id the others chu fly Geminids or Perseids. M ; e in the three morning 
hours saw a hundred and thirty-four, whi ‘ vere only two-thirds of 
ie number that fel Chev were gener: eltat Those 
without a trail were bluish and belongs le Bye viel } 
Janssen, who are in control of the A { et 
ree illo i NV be used t Ss t ni 
€ ne in \m 1¢ ind one 1 \ e t uc 
OOO Tt ff () tee { S I hy 7 ‘ 
1000 feet. I party will make 
el4th ar t tlre nthe 15th 


BOOK NOTICI 


Harper’s Scientific Series.—We are in 1 tw more memoirs in 
the Harper Scientific Series edited by P essor S.A s. Numbers one and 
two of the series on The Free Expansion of Gase nd natic and Diffraction 
Spectra have already been noticed in Por \R ASTI MY for December, 1898 

The third book in the series ix by Dr. Geor Barker, Protessor of Physics 
in the University of Pennsvilvania on ROntget ivs, familiarly called X-rays, 
which were first observed by Professor W ik ren, of the University of 
Wiirtzburg, in 1895,and the announcement of the dis ery was made ina paper 
appearing the same vear which is re-printed in this volume as its first article 


A year later another paper was written hy the discover setting forth new 
phenomena, and later still more observations bringing out other propertics 
which were published in 1897. Although these peculiar radiations were first de 
tected probably by Professor Lenard, Professor ROutgen was the first to make a 
systematic study of their production and properties. The experiments which 
have given most important conclusions were made by l’rofessor J. ]. Thompson, 
of Cambridge, which bear on the connection of matter and electricity. The 
main point of inquiry has been concerning the character of the vibrations of the 
X-rays. Are they longitudinal vibrations in the ether, or are they transverse, 
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like light waves. Possibly the phenomena that we now speak of as due to 
properties are not waves at all, but simply pulses of ether whatever that may 
mean. This idea gives a new starting point for investigation which Professors 
Stokes, Thompson, Lehmann and others have been earnestly pursuing recently. 
Articles by Professors Stokes and Thompson also find place in this volume. The 
biographical sketches of the last two named scientists with bibliography pertain- 
ing to the theme and index completes this valuable little book. 


The Modern Theory of Solution is the fourth memoir in the Harper Se- 
ries which has been received. It is edited by H. C. Jones, Associate in Physical 
Chemistry in Johns Hopkins University. It will receive full notice in our next 


issue, 


Eclectic School Readings is the name of a most admirable Series of 
books published by the American Book Company of New York, Cincinnati and 
Chicago. The volumne now before us bears the title of ‘‘The Story of the Eng- 
lish” by H. A. Guerber. It has 338 pages, in one hundred and eleven divisions 
with special titles from the early times of the Druids to the present. It is a story 
well selected in matter and charmingly told throughout. It is well illustrated 
with wood cuts generally, which print better on fine book paper than even the 
fine balf-tone cuts do ordinarily. The four colored maps add value to the book, 
We have been so interested in this little volumne as to read it all carefully and re- 
read some parts of it. Such good books ought to be in every school library and 
every family that desires to provide best books for the young. 


Algebra for Schools.—This is the title of a new book prepared by George 
W. Evans, instructor in mathematics in the English High School, Boston, Mass. 
Its publishers are Messrs. Henry Holt and Company, of New York. Its size, 12 
mo. 433 pp. and cost, $1.12. 

Any teacher of mathematics, at all acquainted with the books now published 
in most of its branches, must thoughtfully ask himself about the old adage con- 
cerning the making of many books, whether it is not already mere than fulfilled, 
Still he knows that the arts of teaching and book-making are interdependent, 
and that teachers are now writing books more than formerly. Almost every new 
book prepared for school uses has in it some things that have seemed enough im- 
portant to those who know them to call for the publication of a book to set 
them forth. This new work on the elements of Algebra will illustrate what we 
mean. The author believes that to make the work of the teacher effective, prac- 
tical problems should be the means through which successive steps are to be 
taken to show the pupil the need of the study,its rational basis and its economy- 
So he has made a careful classification of problems, putting emphasis on several 
types of equations arising from them 

He next insists on a specific order in the reduction of the equations making 
the methods employed largely prominent, going so far as to require models of 
reasoning in every step of progress. This is a noble point and the author makes 
it well. If Algebra is worth anything as a means of discipline its value lies in 
the fact otf logical processes which may be studied and used as such. Other 
strong features of this new book are the treatment of the literal equation, the 
method of solving the quadratic, treatment of variation and logarithms. The 
way the author handles the solution of the quadratic is now most used in the 
higher mathematics, and it is now adopted by the teachers in the elemental 
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classes of Algebra in Carleton Colleg 


~ 


Dp 
L 
“i 


things that it ought to receive general favor 


A Popular Handbook and Atlas of Astronomy by William Pec} 


Some time ago a reader of this magazine sked t , ) t 
above named book. Replying to that ques \ \ 1 e pub 
work are Messrs. G. P. Putnam’s Sons, 27 »>W street [ 
work is designed as a guide to knowledg 
those possessing teles« ypes It contains +4 1€1 
tions and diagrams. Its price 1s $5.5( 
is not the one named above, but rather that v1 \ ( 

- 

from Messrs. Silver, Burdett & Com 


Stars and Telescopes.—! 


« Company, Boston 


In his latest rk ititled stars 

has furnished readers of astronomy wit 

tion of Lynn’s Celesti Motions t 

statement of the history of astronon 

ton and Laplace, to the advances and dis eries whicl nomea 

during the nineteenth century Che author of ’ lelescoy 

describes their work, but the tools with which th mplished 

such as telescopes, spectroscopes, photometers, as we ; the many . 
ot the photographic camera which have revolutionized nez ill departments 


this science, and afforded a welcome service in its behall A description is also 
given of the buildings wherein telescopes find their home, as, for instance, the 
Lick Observatory, with its 36 inch telescope; the Yerkes Observatory, containing 
the 40-inch telescope; the Bruce 24-inch photographic telescope, as mounted at 
Arequipa, Peru, in 1898. Greatly adding to the interest of the book is the ac 
count given of the makers of the telescopes, the list including the world-renowned 
Alvan Clark and his two sons, Alvan Graham and George Bassett. ‘‘Five times 
were the Clarks called upon to construct a telescope more powerful thanany now 
in existence, and each time the advance was from one tosix inches in excess of the 
aperture of the then greatest glass.’’ Among others, the excellent wor of Sir 
Howard Grubb is referred to, concerning the 27-inch telescope mounted at the 


Imperial Observatory, Vienna; Brashear's star-spectroscope, which is attached to 


the eye-end of the 36-inch Lick telescope; the equatorial coudé, designed by 


Loewy; and the marked success of Warner and Swasey, of Cleveland, Saegmulle: 
and others in their construction of mountings for smaller instruments, until o1 
fully appreciates the importance of the mechanician and optician i1 rthering 


original research in physics and astronomy. 


The first few chapters of the book contain an outline astronon 1 disco 
ery, a brief account of the Earth and Moon, and the Calendar. A pter o1 
the astronomical relations ot light is intended to emphasize the in rtance of 
this phenomenon in all celestial inquit I Sun, its rtace, ligl he r 
next set forth, and that most impressive of i 1 omena, total eclipses 
of the Sun. The solar system, planets, comets and meteors, with s ial refer 
ence to the great meteoric showers of 1899 and 1900 next claim their share of 
attention, while the final chapters are about the constellations, cosmogor the 


fixed stars and nebulae, the latter chapter being of spe | interest, due to the 
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methods of the new astronomy which have achieved such marvelous success in 
searching the star-depths. At the end of each chapter has been added a bibli- 
ographic note, for those who wish to consult authorities on the subjects dis- 
cussed in the preceding chapter. The book is profusely illustrated throughout, a 
special feature being the portraits of a large number of well-known astronomers. 
The book is undoubtedly a welcome addition to the list of works on popular as- 
tronomy and being a most entertaining and readable volume. 
MARY PROCTOR. 


An illustrative paragraph from Professor Todd’s new book is given below: 

The Planet Eros.—‘ Planet (433) Eros possesses exceptional interest 
because of the large eccentricity of its orbit, and its mean distance is only 
1.46, that of Mars being 1.52. But it is not proper to describe the path of 
Eros as lying within that of Mars, because the perihelion points of the two 
orbits lie on opposite sides of the Sun. Only about half of Eros’ path, therefore, 
is within that of Mars: but so eccentric is the orbit that it approaches within 
14 millions of miles of our own path around the Sun. When Eros comes 
to Opposition near the time of perihelion, as must have been the case in 1894, 
ts stellar magnitude is about the 7th, or almost within naked-eye visibility. 


ckering and Mrs. Fleming have re-discovered the planet on about 
plates « scd near this time, greatly enhancing the accuracy of the 
ted by | Chandlet >t nti 924 does so favorable opposition 
but in I 1O 1 ach us within 31 millions of 

mut 4 million miles nearer ‘ d This opposition 

! yecause of the pre- 

The opposition 

xceeding in accuracy that 

os is less than 20 miles in di- 

thirty vears will introduce 

to pravitational astronomers. It 

completely around the Sun; and its vari- 


tremes of distance suggests many iniportant prob- 
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